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General introduction 
Chapter 1 
1. Introduction 
In the early 1960s, Branmark and co-workers started developing a novel oral implant 
that for clinical function depended on direct bone anchorage - termed 
osseomtegration Later, Albrektsson et al (1981) presented information on a series 
of background parameters that needed control in order to ensure the occurrence of a 
reliable osseomtegration of an implant These parameters involve (1) the 
biocompatibihty, (2) design and (3) surface conditions of the implant, (4) the status of 
the host bed, (5) the surgical technique at insertion, and (6) the loading applied 
afterwards 
Further, it has to be noticed that the damage to the soft and hard tissue during 
implant installation initiates the process of wound healing, which eventually allows 
the implant to become Osseo- integrated and the establishment of a delicate 
mucosal barrier to the implant 
Besides implant surface characteristics, improvements of the surgical technique 
seem to be a reliable way of increasing oral implant success It may be premature to 
regard surface-modified implants as out-of-date, but the fact remains that the only 
available controlled clinical studies (/ e, Pchades-Roman 2000, Gotfredsen & 
Karlsson 2001, Engquist 2002) comparing smooth turned and roughened implants 
have failed to demonstrate any clear preference for the roughened implants 
(Albrektsson 2001) 
Although, there are a great number of scientific investigations about Osseo-
mtegrated implants, more basic science is needed to learn more about optimal 
biomatenals, designs and surfaces of oral implants in relation to the applied surgical 
technique for implant installation 
Along these lines, this chapter will focus on the relevance of implant surface 
topography of endosseous oral implants as well as surgical considerations and 
technique of implantation 
2. Surface topography 
The surface topography describes (1) the degree of roughness that the surface 
exhibits as well as (2) the orientation of the irregularities on the surface Surface 
roughness occurs in two principle planes one perpendicular to the surface and one 
in the plane of the surface The orientation of the irregularities may be either isotropic 
12 
Chapter 1 
(without a dominating direction) or anisotropic (a distinct and regular pattern) 
(Wennerberg et al 2003) 
Further, surface roughness can be described in terms of amplitude, spatial 
distribution (spacing) and hybrid parameters 
Amplitude parameters (Ra, Rq, Rt, Rz, Rsk, RKU) describe the vertical height of 
irregularities and are determined in both 2D and 3D measurements The same 
parameters but with letter "S" stands for three dimensional evaluation 
Spacing parameters describes the space between the irregularities and are also 
determined in both 2D (Sm) and 3D (Sex) measurements 
Hybrid parameters (Sdq and Sdr) include information regarding both amplitude and 
spacing 
2.1 Roughening procedures 
Implant surface roughness can be obtained m two different ways, / e, addition or 
subtraction In the addition technique, the implant is provided with an extra surface or 
coating Sintering and plasma-spray coatings are the most frequently used 
techniques The characteristics of plasma-spray deposited coatings can be 
influenced by several parameters such as temperature of the plasma, nature of the 
plasma gas, and particle size and chemical nature of the powder (Herman 1988) 
Subtraction is a method whereby the surface of a bulk material is modified Due to 
chemical or mechanical interaction of this substrate, some parts of the bulk material 
are pulled off, leaving a rough surface 
A common subtraction technique is grit blasting Pitting the surface with grit particles 
roughens the implant These particles reach the surface with a certain velocity and 
subtract a small amount of material By varying size of the particles and blasting 
pressure, the final microroughness can be changed Two types of powder particles 
are regularly used as blasting material, T1O2 and A^Oa 
Acid etching is another subtraction technique to modify the implant surface 
Depending on the type and concentration of the acid used, the surface will have a 
high or low roughness value This method can be used in combination with another 
technique, like grit blasting 
Photolithography is a third subtraction technique Photolithography is a texturing 
technique that incorporates the exposure of radiation-sensitive polymer film coating 
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to a predetermined radiation pattern produced through computer imaging 
procedures 
2.2 Surface roughness and bone healing 
Macroscopically, osseous structure is classified according to its density as compact 
or trabecular bone Bones are composed of four microscopic tissue types woven, 
lamellar, bundle, and composite bone (Roberts et al 1993) 
Hulshoff & Jansen (1997) described the initial interface healing around tapered, 
conical, screw shaped dental implants After 3 days, blood coagulum, primitive bone 
marrow cells, and undifferentiated inflammatory cells were visible Only few 
multinucleated giant cells were present After 12 days of implantation, a callus of 
woven bone was formed, which bridged the existing space between bone trabeculae 
and implant surface Extensive networks of active osteoblasts were seen Bone 
formation was not restricted to the interface Trabeculae of the surrounding bone that 
were not traumatized by drilling also showed an active formation of new bone Still 
inflammatory cells were seen, though in a lesser extent than after 3 days of 
implantation After 24 days of implantation, a higher percentage of bone contact was 
observed Even if the implant apically was not in contact with the original bone, a thin 
layer of bone was often covering the implant at that site 
A new semi quantitative scoring system that discriminated various tissues in contact 
with the implant was used by Dhert et al (1998) in order to evaluate early healing 
around bone implants They described that the following cellular and tissue response 
sequences could be discerned 
(1) 3 days after implantation, original bone and blood were the mam tissues in 
contact with the implant surface, (2) after 7 days, callus and mesenchymal tissue as 
well as remodelling lacunae appeared at the interface, (3) after 14 days, osteoid and 
new lamellar bone were present at the implant surface with a significantly higher 
fraction of osteoid tissue for HA as compared with TiAIV and Τι, (4) at 28 days, new 
bone was the mam tissue type m contact with the implant surface Recently, 
Berglundh et al (2003) studied early bone healing of solid screw implants provided 
with the so-called SLA surface topography A U-shaped circumferential trough was 
prepared within the thread region, but leaving the tip of each pitch of the thread 
untouched They demonstrated that, initially m this way created wound chamber was 
occupied with coagulum and granulation tissue, which was subsequently replaced by 
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a provisional matrix The process of bone formation started during the first week 
Although, the newly formed bone present at the lateral border of the cut bony bed 
appeared to be continuous with the parent bone, woven bone was found on the 
implant surface at a distance from the parent bone This primary bone was replaced 
by parallel fibered and or/ lamellar bone and marrow Between 1 and 2 weeks, the 
bone tissue immediately lateral to the pitch region became resorbed and replaced 
with newly formed viable bone They concluded that osseomtegration represents a 
dynamic process both during its establishment and its maintenance 
In various studies, it has been shown that the way m which the body interacts with 
the implant is affected by the implant surface composition, topography, roughness, 
and surface energy (Schwartz & Boyan 1994) 
In general, the stages of cell-material interaction at the bone-implant interface can be 
summarized as protein adsorption, cellular adherence, local factor production, 
proliferation, differentiation, matrix production, and calcification (Schwartz et al 
1997) In view of this, cell culture experiments can provide evidence for the basic cell 
material interactions because it offers possibilities to analyze the different steps 
leading to firm tissue-material contact 
The comparison of the behaviour of different cell types on materials shows that they 
react differently according to surface roughness (Meyle et al 1993, Chesmel et al 
1995, Healy et al 1996, Thomas et al 1997) Scanning electron microscopie 
examination of bone cells on materials with various surface roughnesses generally 
demonstrated that cell spreading and continuous cell layer formation was better on 
smooth surfaces compared to rough ones (Naji & Harmand 1990, Kieswetter et al 
1996, Anselme et al 2000) 
Results of in vitro studies demonstrated also that on rough (sand-blasted, etched and 
plasma-sprayed) surfaces the metabolic activity of osteoblast-hke cells was 
significantly increased Cells on rough surfaces produced 1 5 to 4 times more PGE2 
and also TGF-ßi as compared with cultures on plastic and smooth surfaces As a 
consequence, it was concluded that substrate surface roughness affects cytokine 
and growth factor production, suggesting that surface roughness may modulate the 
activity of cells interacting with an implant and therefore affects tissue healing and 
implant success (Davies 1996, Kieswetter et al 1996, von Recum et al 1996, 
Cooper et al 1998) In other studies (Boyan et al 1998) it was demonstrated that 
alkaline phosphatase activity and osteocalcin was increased by substrate surface 
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roughness The authors concluded that bone cell response to systemic hormones is 
modified by rough surfaces. Further, rough titanium surfaces (sandblasting or coating 
by plasma spraying) were shown to significantly enhance cellular attachment and 
production of extracellular matrix and subsequent mineralization in vitro (Bowers et 
al 1992, Groessner-Schreiber & Tuan 1992). 
Evidently, osteoblast/material interaction depends on the surface aspects of 
materials that may be described according to their topography, chemistry and surface 
energy These surface characteristics determine how biological molecules will adsorb 
to the surface and more particularly determine the orientation of adsorbed molecules 
(Boyan et al. 1996) They also determine the cell behaviour on contact Cells in 
contact with a surface will first attach, adhere and spread (Anselme 2000). The 
adhesion strength of osteoblast-like cells was highest on surfaces, which had been 
plasma-cleaned (Swart et al. 1992) In another study it was demonstrated that 
osteoblasts adhered tightly to and spread on both HA- and Ti-surfaces However, the 
regulation of cell adhesion to HA was found to be different from that to titanium and it 
was suggested that Arg-Gly-Asp (RGD)-containing serum proteins might play a major 
role in regulating the specific adhesion of osteoblasts to HA, and in inducing 
enhanced cell growth and differentiation (Okamoto et al 1998) 
Nevertheless, it has to be noticed that clinically, upon implantation the first cells 
coming into contact with the material are blood cells (monocytes, neutophils), 
followed by epithelial cells, fibroblasts and bone cells (Meyle, 1999) In view of this, it 
is known that fibroblast and epithelial cells behave differently if seeded onto smooth 
or rough titanium surfaces in vitro (Hormia et al. 1991; Hormia & Kononen 1994). 
Surface treatment of titanium and hydroxylapatite did not alter the growth rate of rat 
epithelial cells Compared with tissue culture polystyrene, the growth on titanium and 
hydroxylapatite was reduced (Jansen et al 1989a & b). On the other hand, 
macrophages when attached to a rough surface showed bone-resorbmg activity and 
increased PGE2 release (Murray et al. 1989). 
Further, many authors have demonstrated in vitro studies the occurrence of the so-
called contact guidance phenomenon using fibroblasts or epithelial cells. Epithelial 
cells orient markedly along the axis of 10 μιη deep grooves on a titanium-coated 
implant (Gronowicz & McCarthy 1996). The modification of groove width or groove 
depth did not affect the cellular orientation (Den Braber et al 1995). The contact 
guidance phenomenon has also been described for osteoblastic cells On smooth 
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surfaces, bone cells were randomly oriented although they were aligned parallel to 
the direction of the grooves In contrast, they ignored the surface topography on a 0 5 
μπι grooved surface (Chesmel et al 1995) 
In vivo it appears that the surface characteristics of an implant, particularly 
roughness, may control tissue healing and therefore subsequent implant success 
(Schwartz et al 1997, Wennerberg et al 1997) The effect of different titanium 
surface roughness has been tested in numerous in vivo studies utilizing different 
animal models Therefore, the conclusion that there is sufficient evidence that 
titanium implants with a roughened surface achieves faster bone integration appears 
to be justified (Davies 1998) 
In general, in in vivo animal experiments, the clinical performance of the titanium 
implants is described on basis of mechanical test and histologic evaluation In most 
studies, increasing roughness results in increased percentage of bone in contact with 
the implant (Cordioh et al 2000, Novaes et al 2002, Zechner et al 2003) On the 
other hand, other studies demonstrated no difference between groups with different 
surface topographies (Caulier et al 1997, Grizon et al 2002, London étal 2002, Kim 
et al 2003) 
The results of mechanical evaluation of bone anchorage, demonstrated that implant 
surface roughness is important to obtain a superior mechanical fixation of the implant 
in the surrounding bone (Klokkevold et al 1997, Buser et al 1998, Gotfredsen et al 
2000, Klokkevold et al 2001) Controversially, some studies showed no statistical 
significant difference between different rough implants (Vercaigne et al 1998, 
Vercaigne et al 2000) 
3. Surgical considerations 
The majority of oral implant articles focus on the importance of altering implant 
surfaces to improve clinical results However, the evidence of these changes is 
based on short-term animal experiments and the finding of more bone or more 
rapidly invading bone at the interface of the implant (Albrektsson 2001 ) 
An important feature of the osseomtegration is the emphasis put on efforts to 
minimize any damage to the host tissues, by e g contaminants and thermal or 
surgical trauma The surgical implant procedure is a sensitive technique (Adell et al 
1981) Inadequate surgical technique is considered one of the causes of implant 
failure Implant failure may result from inadequate irrigation of the surgical site or 
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from using low torque and excessive drill speed during surgical placement (Ashley et 
al 2003) Also, implant failure can result from excessive temperature elevation in the 
bone during implant placement, leading to necrosis of the supporting bone around 
the implant (Eriksson et al 1982) Kerawala et al (1999) observed that although no 
relationship existed between drill speed and temperature increase during osseous 
preparation, the use of integral irrigation, appropriate bur design, and atraumatic 
surgical technique are important factors for success One of the most important 
factors identified for implant success was "surgery without compromise in technique" 
(Block& Kent 1990) 
Support for the importance of surgical factors is provided by Bahat (2000), who 
placed implants in bone of poor quality He concluded that the quality and quantity of 
bone appeared to have little influence on the success rate, but that surgical 
techniques are particularly important to the success of osseomtegrated implants 
placed in the posterior maxilla With careful surgical planning and execution, high 
success rates can be achieved (success rate was 94 4% at 5 to 6 years and 93 4% 
after 10 years) 
Partly in agreement with Bahat, Esposito ei al (1998a) demonstrated that surgical 
trauma combined with bone volume and qualities are generally the most important 
etiological factors for early implant failure Excessive surgical trauma together with 
an impaired healing ability, premature loading and infection, and insufficient implant 
stability are likely to be the most common causes of early implant losses (Esposito ef 
al 1998b) 
Many variations in the surgical technique for the placement of dental implants have 
been developed since the introduction of implant surgery into clinical practice in 
combination with different implants system These include variations in the way the 
recipient bone site is prepared For example, bone compaction before implant 
insertion (Kold et al 2005, Rambla-Ferrer et al 2006) or widening of a narrow 
edentulous alveolar ridge before bone preparation (Chiapasco et al 2006, Calvo-
Guirado et al 2006) 
In view of the above mentioned, it has to be emphasized that more research is 
necessary in order to find evidence for better efficacy of one or the other implantation 
technique compared to the other 
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4. Research objectives 
As described before, several parameters seem tomfluence the performance of dental 
implants, amongst them are, implant surface condition, surgical technique at insertion 
and bone quality/density of the implantation site 
From the literature it is known that titanium implants with a roughened surface 
provide faster bone healing, higher percentage of bone contact and higher resistance 
to shear (Buser 1999) However, Albrektsson (2001) stated that improvements of the 
surgical technique seem to be a reliable way of increasing oral implant success 
Consequently, we hypothesize that the used surgical technique for implant 
placement affects the final bone healing and has to be considered as important as 
the implant surface properties To answer this hypothesis, the following questions 
were addressed in this thesis 
1 Does a higher implant surface roughness lead to a higher bone-to-implant 
contact9 
2 Does a higher implant surface roughness result in a higher implant torque 
resistance7 
3 Is the surgical technique one of the major parameters for the final implant-bone 
behavior and perhaps more important than implant surface parameters, like 
roughness and composition7 
4 Can a particular surgical technique increase the survival rate of implants9 
5 Does the used surgical technique affect the final implant fixation and bone 
behavior9 
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Implant surface roughness and bone healing: 
a systematic review 
Chapter 2 
Abstract 
A systematic review was performed on studies investigating the effects of implant 
surface roughness on bone response and implant fixation We searched the literature 
using MEDLINE from 1953 to 2003 Inclusion criteria were (1) abstracts of animal 
studies investigating implant surface roughness and bone healing, (2) observations 
of three-month bone healing, surface topography measurements, and biomechamcal 
tests, (3) provision of data on surface roughness, bone-to-implant contact, and 
biomechamcal test values The literature search revealed 5966 abstracts There were 
470, 23, and 14 articles included in the first, second, and third selection steps, 
respectively Almost all papers showed an enhanced bone-to-implant contact with 
increasing surface roughness Six comparisons were significantly positive for the 
relationship of bone-to-implant contact and surface roughness Also, a significant 
relation was found between push-out strength and surface roughness Unfortunately, 
the eventually selected studies were too heterogeneous for inference of data 
Nevertheless, the statistical analysis on the available data provided supportive 
evidence for a positive relationship between bone-to-implant contact and surface 
roughness 
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Introduction 
A major parameter for the clinical success of endosseous implant therapy is the 
formation of a direct contact between implant and surrounding bone The implant-
bone response is thought to be influenced by the implant surface topography As a 
consequence, over the last 20 years, a large number of implant systems with 
different surface topographies have been introduced The literature on this topic is 
extensive and continuously increasing (Table 1) However, the claims made in 
numerous publications about the effect of implant surface roughness on bone 
response are not as straightforward as suggested For example, there is a lack of 
agreement in findings in in vivo animal experiments, where the clinical performance 
of micro- roughened titanium implants is described on the basis of mechanical failure 
tests and histological considerations Some of the studies indicated a tendency for an 
increase of bone-to-implant contact with increasing roughness of the implant surface 
(Buser ei al 1991), while other studies either could not confirm this observation 
(London ef al 2002, Novaes ef al 2002) or could not find any effect at all (Carlsson 
ef al 1988, Gotfredsen 1992, Vercaigne ef al 1998a, 2000a) Also, it has been 
suggested that only a very specific surface topography with a Ra value between 1 
and 1 5 μιτι provides an optimal surface for bone integration (Wennerberg and 
Albrektsson 2000) 
Various explanations can be given to rationalize the above-mentioned discrepancies 
m the biologic effect of substrate surface roughness, like small but very relevant 
differences in surface topography, different animal models, and different surgical 
techniques Because the utilization of oral implants is increasing, it is essential that 
clinicians have unequivocal evidence to support claims of alleged benefits of specific 
morphological characteristics of dental implants (Jokstad ef al 2003) A thorough 
meta-analysis of the available literature on this topic would be the most appropriate 
strategy for achieving this goal Although several meta-analyses have been done so 
far, none of them addressed animal studies (Cochran 1999, Lee ef al 2000, Stach 
and Kohles 2003, Albrektsson and Wennerberg 2004 a, b) Therefore, the aim of the 
current study was a systematic analyze the data regarding implant surface 
roughness, to determine its relationship, if any, with bone healing and biomechamcal 
tests 
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The hypothesis tested in this study was that (1) higher implant surface roughness 
leads to a higher bone-to-implant contact (BIC), and (2) higher implant surface 
roughness results in a higher implant torque resistance 
Materials & Methods 
The major phases m this review were literature search and selection, inclusion / 
exclusion of papers, extraction of data, and statistical analysis The literature was 
searched in an electronic database (MEDLINE) for dental articles written m English 
between 1953 and 2003 The Keyword used was "dental implant" Two independent 
readers carried out a selection of the references found on the basis of abstracts as 
published in MEDLINE If no abstract was available in the MEDLINE, the original 
article was used The emphasis of this first step in the review procedure was on 
inclusion of references according to the criteria shown in Table 1 Author's names in 
the papers included m this step were re-checked m MEDLINE and cross-matched 
with the original list of references to add references that met the inclusion criteria 
Disagreements were resolved by discussion 
The second step of the selection procedure consisted of the reading of the sections 
"Aim", "Materials & Methods" and "Results" in the articles The same two readers 
independently selected the blinded papers to be included in this step on the basis of 
an additional list of selection criteria (Table 1, step 2) 
In step three, papers were included that provided surface roughness values, bone-to-
implant contact (BIC) and biomechamcal test results of the respective test groups in 
each study Finally, the data of these properties were extracted 
For step one and two, the Cohen's Kappa-coefficients were used as a measure of 
agreement between the readers The principal author undertook step three 
For analysis of data, slopes of regression lines (and 95% Confidence Intervals) were 
used to express the relationship with roughness If only two values for roughness 
were available, the Student's f test was applied, and the slope (and 95% CI) could 
easily be calculated Slopes were considered to be significant if the 95% CI did not 
include the value of zero 
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Table 1 Papers chosen after second selection (in alphabetical order, η = 23), papers 
remaining after third selection are in italics (n =16) [Complete details of 
references are listed in the appendix ] 
Reference Reason(s) for exclusion 
Buserefa/, 1999 
Dhertetal, 1991 
Dhertetal, 1993 
Giaveresi ef al, 2002 
Gotfredsen et al, 1992 
Gotfredsen et al, 1995 
Hallgren et al, 2001a 
Hallgren et al, 2001 b 
Hallgren et al, 2003 
Hanetal, 1998 
Hulshoff et al, 1997 
Johansson & Albrektsson, 
1991 
Johansson et al, 1998 
Muller-Mai et al, 1989 
Rupprecht et al, 2002 
Vercaigne et al, 1998b 
Vercaigne et al, 2000a 
Vercaigne et al, 2000b 
Wennerberg et al, 1995 
Wennerberg et al, 1996a 
Wennerberg et al, 1996b 
Wennerberg ef al, 1997 
Wong et al, 1995 
No bone BIC* % mentioned, and healing period 
not mentioned in the graph 
No BIC % (only inside screw threads and 3 best 
threads) 
Removal torque test without limit and inadequate 
BIC data 
No Ra (only Rz) and no BIC (only 3 best threads) 
No three-months healing data 
No Ra, only Rt used for surface roughness 
No three-months healing data 
* BIC = bone-to-implant contact, Ra = description of height variation, Rz = average 
value of absolute heights of 5 highest peaks and 5 deepest valleys, and Rt = 
maximum peak-to-valley height of profile m assessment length (area) 
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Results 
The MEDLINE literature search resulted m a list of 5966 hits After the first selection 
step, 470 articles remained, 5496 were excluded The inter-reader agreement (k 
[kappa] = 0 51 ± 0 03) reflects moderate agreement To check the validity of this 
procedure, we subjected a random selection of 100 papers out of the 5378 double-
negative (both readers excluded them) to the criteria of step two None of the 100 
papers was positive 
The second step revealed 23 papers fulfilling all criteria of the selection procedure 
The mter-reader agreement for this step was κ = 1 In total, 447 papers were 
excluded from further analysis for one or more reasons 324 papers did not describe 
surface topography, no biomechamcal tests were performed in 307 papers, 122 
papers did not mention bone-to-implant contact, and 74 papers described studies 
that did not have the required minimum bone-healing period of three months 
In step three, 7 more papers were excluded for reasons mentioned in Table 2 Of the 
16 remaining papers, two sets of papers dealt with one and the same study (Dhert ef 
al 1991, 1993, Vercaigne ef al 2000a,b) Consequently, 14 studies (16 papers) 
remained for inference of data Three studies divided the implant groups either by 
implant sites (Dhert ef al 1991,1993, Hallgren ef al 2003) or presented data based 
on two different implant designs (Gotfredsen ef al 1995) 
As a result, data of 16 groups of implants were available for statistical analysis All 
studies investigated the relation between surface roughness and bone-to-implant 
contact Although most papers described multiple surface roughness descriptors (/ e , 
Ra/Sa, Rq/Sq, Rsk/Ssk, ect ), Ra/Sa was the only descriptor common to all papers and 
therefore was used in the present study as a measure of surface roughness Ra is the 
two-dimensional (2D) counterpart of the three-dimensional (3D) descriptor Sa Both 
Ra and Sa reflect the arithmetic mean of the absolute values of the surface point 
departures from the mean plane within the sampling area (Wennerberg 1996) 
Fifteen out of 16 comparisons showed a positive relation between surface roughness 
and bone-to-implant contact the higher the surface roughness, the higher the 
percentage bone-to-implant contact (Figs 1a ,2) Six comparisons had a statistical 
significance, since their slopes were significantly different from zero (Fig 2) The 
remaining comparisons revealed 9 positive slopes that did not differ significantly from 
zero, and the negative slope was also not statistically different from zero (Fig 2) 
Four studies (Wennerberg 1996a, Vercaigne ef al 2000a,b, Hallgren ef al 2001a, 
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Rupprecht et al. 2002) were not of value, because of extremely large standard errors 
(SE> 50% BIC/pm), and for this reason were not included in Fig. 2. 
With regards to biomechanical testing, 9 papers used a removal torque test to assess 
the correlation between biomechanical properties and surface roughness and 
expressed 
Table 2 Inclusion and exclusion criteria for the selection of papers in the three 
selection steps. 
Step 1 Include - Animals' studies, in vivo 
- Studies dealing with implant surface roughness and bone 
healing 
- Also, implant surface chemistry and bone healing 
- Control groups from other studies, even if the test group(s) 
does not fit with other criteria 
Exclude - Descriptive studies (i.e., preliminary, case reports, pilot studies, 
reviews and meta-analyses). 
Step 2 Include - Healing period after implant placed, 3 months or more 
- Surface roughness parameters measured 
- Type of surface mentioned (i.e., machined, etched...) 
- Biomechanical test used 
- Bone-to-implant contact measured in for separate groups and 
expressed in percentage 
- Location of the implantation should be mentioned in the 
studies 
- Loading or unloading clearly written in the papers 
Exclude - Studies not meeting all criteria above for inclusion 
Step 3 Include - Three-months healing period after implant placed 
- Surface roughness parameters measured (Ra or Sa)1 
- Results of surface examined 
- Biomechanical test used (RTV2 or equivalent value) 
- Bone-to-implant contact measured in all groups 
Exclude - Studies not meeting all criteria for inclusion 
1
 Rg/Sa = Description of height variation. 
2
 RTV= Removal torque values. 
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Figure 1 Scatter plots of surface roughness-BIC (a), -push out test (b), and -torque 
test (c) comparisons. Lines connect data within studies. 
[C] = Cylindrical implants; [S] = Screw implants; [F] = implant site in femur; [H] = 
implant site in humerus. 
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the results in Ncm. Five papers described push-out tests and expressed the 
strengths in MPa. Because the results of the two biomechanical tests are not 
compatible, two subsets were constructed for further analysis (Fig. 1b, 1c). In all 
studies that presented data on push-out tests, the push-out strength increased with 
higher surface roughness values (Fig. lb). All slopes were positive, of which 3 were 
significantly different from zero (Fig. 2). In contrast, the relation between surface 
roughness and torque test values is less clear (Fig. 1c). The slopes in 5 studies 
revealed a positive relationship (the higher the surface roughness, the higher the 
torque test value), of which 3 were significantly different from zero (Fig. 2). In 
contrast, 4 studies produced negative slopes that were not significantly different from 
zero and 2 of these studies (Wennerberg et al. 1996a; Hallgren et al. 2001a) did not 
provide reliable information because of the large standard errors (SE > 100 Nm/pm) 
and were therefore not included in Fig. 2. 
Figure 2 Mean values and 95% Confidence Interval for the slopes of the surface 
roughness-BIC/torque/push-out test comparisons of the studies evaluated. Asterisks 
indicate slope-values statistically significant from zero (* = p<0.01 ; ** = p<0.001 ). 
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The wide variation m slope values indicates substantial heterogeneity (/ e , lack of 
homogeneity) amongst the studies Due to the lack of homogeneity, it is not 
permissible for the data to be combined for inference Consequently the data from 
the separate studies cannot be combined, and overall slopes cannot be presented 
Discussion 
In this study, we attempted, via a systematic review, to combine data from animal 
studies to determine the influence of surface roughness of implants on bone 
response and implant fixation after 12 weeks of implantation Although, implant 
surface quality can also be a parameter to facilitate earlier loading of oral implants, 
the rate of healing was out of the scope of the current review Unfortunately, the 
studies that were eventually selected were too heterogeneous for inference of the 
data This heterogeneity may have been caused by differences m measurement 
methods as well as study designs For example, surface roughness was 
characterized by different techniques (/ e , 2D/3D) Moreover, various devices, all of 
which can introduce unknown variability, were used to determine roughness 
(Macdonald ef al 2004) Another variable is the surgical technique used, which is 
considered an important factor in successful osteogenesis (Sandborn ei al 1988, 
Albrektsson 2001), but which was not fully described m all papers So far, surgical 
technique has been given less attention in evidence-based implantology compared 
with implant surface characteristics 
Furthermore, heterogeneity of data can be caused by variation in the in vivo animal 
model as well as implant location For example, local bone conditions (quantity and 
quality) vary significantly between various animal species This will have a very 
serious effect on the results of implant bone response studies It is noteworthy that, 
of the studies (14) meeting all selection criteria, 9 used rabbits, 4 used goats and one 
used mini-pigs Despite the observed heterogeneity, this structured analysis 
summarizes the best current available information on this topic We consider the 
present blinded review as systematic, reproducible, and one that covered the 
relevant current literature published in the English language 
The selection procedure started with a broad search strategy This was to avoid the 
risk of exclusion of any paper that might meet our criteria The use of only one data 
source (MEDLINE) carnes a chance of selection bias To overcome this problem, we 
re-searched by inserting the author's name in MEDLINE This resulted in further 
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identification of 103 papers Inter-reader agreement did not exceed the level of 
moderate We consider the result (k [kappa] = 0 51 ± 0 03) as acceptable and 
attributable to the step 1 process of reading only the abstracts 
In step 2, where the mter-reader agreement was high (k [kappa] = 1), the entire paper 
was accessed In most of the included studies, the implant surface topography was 
characterized by more than one surface roughness parameter (/ e, Ra/Sa, Rq/Sq, 
RSk/Ssk, ect ) However, RJSa was the only parameter that was used in all 14 studies 
By definition, the Ra- or Sg-value is a good general description of the height variation, 
but is insensitive to wavelength and occasional high peaks and low valleys 
(Wennerberg 1996) 
Morra ef al (2003) analyzed the surface composition of 34 different titanium dental 
implants They reported that surface topography and surface chemistry are 
intrinsically intertwined and they concluded that surface topography is not the only 
variable controlling the biological response Yet, despite this shortcoming, we used 
Ra/Sa as the surface roughness descriptive value to relate bone response with the 
biomechamcal variable 
All selected studies dealt with surface roughness and bone-to-implant contact Since 
about half of the studies showed a significantly increased bone-to-implant contact 
with a higher surface roughness, the trend for the relationship of surface roughness 
with bone-to-implant contact is positive In contrast, it has been claimed that only a 
very narrow range of surface roughness values (/e, RJSa value from 1-1 5 μιτι) 
positively correlates with increased bone-to-implant contact (Wennerberg and 
Albrektsson 2000) However, this was not confirmed by the systematic review, 
because a positive effect on the bone response was seen from RaISa of - 0 5 pm up 
to - 8 5 pm Although it is difficult to provide a definite explanation for this 
discrepancy, we know that surface roughness measurements on oral implants are 
very complex The different methods used m the various studies can result in 
different data, which hampers a correct comparison of the results obtained 
Therefore, a standardized method for measuring and describing surface roughness 
must be developed 
Regarding the interpretation of biomechamcal tests, push-out testing has been 
shown m the literature to be uninterpretable for implant materials with different 
Young's moduli (Dhert ef al 1992) The authors m this study focused on the influence 
of test conditions on the push-out results They demonstrated that comparisons of 
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the bone-implant strength would only give rise to more confusion in interpreting and 
comparing push-out results Further, the push-out test results showed a stronger 
relation (Thompson ef al 1999) between surface roughness and bone bonding 
strength than the torque test results This relation was seen m the same range of 
surface roughness values as for the bone-to-implant contact This implies that push-
out testing indeed reflects the bone-to-implant response Consequently, removal 
torque testing might not be the best test for the evaluation of implants fixation or the 
amount of bone around the implant This suggestion is enhanced by the knowledge 
that the underlying biomechamcal phenomena in torque testing are very complex, 
e g, the shear stress condition at the interface However, the shape or configuration 
of the implant system is always an additional issue in the selection of a 
biomechamcal test Therefore, push-out testing requires the use of cylindrical 
implants However, most oral implants have a screw-shaped design Therefore, when 
there is no other choice than the use of torque testing, bone-to-implant contact 
measurements should always be performed, and a thorough analysis conducted of 
the fracture interface after the torque testing, to determine whether the torque failure 
is indeed caused by failure of the bone-implant interface 
In conclusion, the number of publications that met all inclusion criteria was found to 
be very limited Nevertheless, the statistical analysis on the available data provided 
supportive evidence for a positive relationship between bone-to-implant contact and 
surface roughness 
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The effects of implant surface roughness and 
surgical technique on implant fixation in an in vitro 
model 
Chapter 3 
Abstract 
Objective: The aim of the present study was to determine the relationship between 
implant surface parameters, surgical approach and initial implant fixation. 
Materials and Methods: Sixty tapered, conical, screw-shaped implants with 
machined or etched surface topography were implanted into the explanted femoral 
condyle of goats. The implant sites were prepared either by a conventional 
technique, by undersized preparation, or by the osteotome technique. Peak insertion 
& removal torque, bone-to-implant contacts (BIC) and morphological bone 
appearance were assessed by scanning electron microscope (SEM) and 
microcomputer tomography (micro-CT) 
Results: Insertion and removal torque values were significantly higher for etched 
implants inserted with the undersized technique (115.2 ± 31.1, 102 9 ± 36.4 Nam) 
respectively Also, the average BIC value was higher for the etched implants placed 
with the undersized technique (87.5 ± 5 6), which was statistically significant 
compared to machined and etched implants inserted by conventional technique. 
Conclusion: In conclusion, this study shows that the surgical technique has a 
decisive effect on implant fixation (represented m this study by installation torque 
value/removal torque value and histomorphometnc evaluation) in trabecular bone 
Nevertheless, additional in vivo studies have to be done to prove the importance of 
surgical protocol for the final implant-bone response 
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Introduction 
The final clinical success of oral implants is determined by various implant and non-
implant-related parameters Implant related parameters are implant shape; implant 
surface configuration and implant surface composition. Non-implant-related 
parameters are mainly dealing with the skills of the surgeon, health condition of the 
patient and final loading protocol of the implant supported prosthetic construction 
(Albrektsson et al. 1981). In view of this, the goal of implant installation is to obtain a 
good primary stability of the implant m the alveolar jawbone. The establishment of a 
mechanically stable interface between the implant and bone prevents the 
development of a fibrous tissue capsule. Subsequently, the implant surface 
parameters are supposed to stimulate the bone cell reaction resulting in an enhanced 
healing response and improved implant-bone contact (BIC) In view of this, there are 
numerous reports that suggest a beneficial effect of implant surface roughness on 
implant healing and survival (Wennerberg et al. 1997, Vercaigne et al 2000a, 2000b; 
Ogawa & Nishimura 2003) Nevertheless, a recently performed systematic review 
(Shalabi et al. 2005) dealing with surface roughened implants m experimental animal 
studies showed that the effect of surface roughness on oral implant behavior is not as 
straightforward as claimed Considering that the surgical technique varies between 
the different studies, the additional effect of surgery on the outcome of a lot of 
experimental implant studies is perhaps underestimated This suggestion is 
supported by two recent studies that reported about 93-96% implant success m bone 
of poor quality and density. In these studies, the original Brânemark implant design 
was used that was neither surface roughened, oxidized, or coated with 
hydroxyapatite (HA ) Only the surgical routine was changed in that one author 
preferred to avoid drilling for the full length of the implant and the other drilled more 
narrow holes than generally recommended (Fnberg et al 1999 & Bahat 2000). 
Apparently, such changes in surgical routine can be of paramount importance for 
clinical success. Still they do not rule out the possibility that hardware alterations may 
be of some significance as well (Albrektsson 2001). Therefore, due to the 
controversial results of clinical data, it is currently impossible to determine whether 
one particular implant is superior to another or if one specific implant design has to 
be preferred (Puchades-Roman et al. 2000; van Steenberghe et al. 2000, Gotfredsen 
& Karlsson 2001, Engquist et al. 2002, Astrand étal 2004; Wennstrom étal 2004) 
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To obtain a better insight into the above mentioned contradictory data, we postulated 
the hypothesis that surgical planning and technique are one of the major parameters 
for the final implant-bone behavior and are perhaps more important than implant 
surface parameters, like roughness and composition 
As part of a consecutive series of studies, the purpose of this paper is to determine 
the relationship between implant surface parameters, surgical approach and initial 
implant fixation For this purpose, an in vitro experiment was done m which machined 
and roughened implants were inserted m bone using different surgical protocols The 
mechanical fixation as well as appearance of the implant-bone interface was 
evaluated 
Materials and Methods 
Implants 
Sixty tapered, conical, screw-shaped dental implants (Biocomp® Industries, Vught, 
The Netherlands) were used All implants measured 10 mm in length and had a 
diameter of 4 6 mm (Figure 1) 
The implants were divided into two groups with each a different surface roughness, 
ι e turned, machined and roughened (by grit-blasting and additional acid etching) 
A Universal Surface Tester (UST®, Innowep GmbH, Wurzburg, Germany) was used 
to characterize the surface topographies of the implants This equipment includes a 
diamond stylus, consisting of a 60° cone, which is moved across a surface with a 
load of 10 Nm For the topographical analysis of the implants, the roughness (Ra) of 
the threaded area of three screws from each group were selected at random and 
measured 
Bone specimens 
Drilling specimens were collected from the femoral condyle of goats This bone 
consists mainly of trabecular bone with a thin shell of cortical bone The bone pieces 
were obtained within 2 h of animal's death and stored on ice at 4'C during 
transportation from the central animal facility to the laboratory 
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Figure 1 Machined and etched implants as used in the study. 
« I 
Implant installation 
All bone preparations for implant installation were performed with a very gentle 
surgical technique by using a dental drill (KaVo EWL Dental GmbH, Biberach, 
Germany) at a rotational speed of 2000 rpm. The drill was fixed in a drill standard 
with copious external cooling. 
Three different surgical approaches were applied for the installation of the implants: 
Approach 1, a press fit technique (according to the protocol of the manufacturer). 
Drilling started with a rosen drill (diameter 3 mm), a lindemann drill (diameter 2.3 mm 
for the tip) and pilot drill (diameter 2.55 mm). Subsequently, the hole was widened by 
a consecutive series of drills, i.e. 3.4, 4, and 4.6 mm drill in diameter. Installation of 
the implants was done using a Digital® torque gauge instrument (MARK-10 
Corporation, New York, NY, USA) in order to measure the in screw torque value. 
Approach 2. an under-sized preparation. The same drilling sequence was used as for 
approach 1, but now the final drill was 4 mm in diameter. Subsequently, the 4.6 mm 
implant was installed with the torque instrument. 
Approach 3, an undersized preparation was made in combination with the use of a 
spreader (or osteotome) The drilling was up to a drill with a diameter of 2.55 mm. 
Then, spreaders with a diameter of 3.4, 4, and 4.6 mm were used for the further 
preparation of the implant site. The length of the spreaders was 10 mm and each 
spreader was left for one minute inside the preparation before the next diameter was 
used. Finally, the implant was installed manually with the torque instrument. 
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Mechanical testing 
Eight specimens of each implant type and surgical approach were prepared to 
determine torque removal force The torque-measurement device detects and 
registers the torque necessary to remove the implant 
The specimens were placed on a support jig for screw-out measurement This 
support jig can be adapted in all directions, to put a perpendicular force on the 
implant For the screw-out test, a slowly increasing torque (displacement 0 5 
mm/mm) was gradually applied to each implant until loosening When the peak force 
representing implant loosening was reached, the torque-out procedure was finished 
Histological procedures & Histomorphometric evaluation 
After implant insertion, two implants of each approach and surface roughness were 
fixed by immersion m 4% buffered formalin Then, these samples were dehydrated in 
a graded series of ethanol and embedded m methylmethacrylate About "lO^m-thick 
sections of the implants and surrounding tissues were prepared using a modified 
diamond blade sawing microtome technique These sections were made parallel to 
the long axis of the implant surface The sections were stained with methylene blue 
and basic fuchsm stains and the amount of bone contact to the implants was 
determined with help of a light microscope and an image analysis system (Leica 
Qwm Pro, Wetzlar, Germany) 
Scanning electron microscope (SEM) 
Following the torque measurement, specimens were fixed and dehydrated by a 
graded series of ethanol and embedded in methylmethacrylate After polymerization 
the samples were hemi-sectioned perpendicular on the longitudinal axis of the 
implants After polishing, the specimens were examined with a SEM (JEOL 6310, 
Jeol Ltd , Tokyo, Japan) in the backscatter mode in order to analyze the bone 
appearance after the surgical procedure and the location of the fracture interface 
after the screw-out test 
Micro-computer tomography (micro-CT) evaluation 
Also micro-CT equipment (SkyScan-1172, Skyscan n v , Aartselaar, Belgium) was 
used for 3D analysis of bone deformation as a result of the implant insertion For this 
procedure, polymeric (MMA) replicas were made of the machined and roughened 
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implants This was done because the use of pure titanium implants results in 
scattering of X-rays at the bone implant interface, which does not allow a proper 
analysis of this area MMA resin implants were installed using the same approaches 
as for the bulk titanium implants (four samples for each approach) After installation, 
specimens were cut into smaller size and placed in the middle of a cylindrical sample 
holder High-resolution scanning and cone beam reconstruction were performed with 
a pixel size of 25 76 μιτι and a slice thickness of 25 μηη The number of slices was set 
at 472 to cover the entire length of the implant, ι e 10 3 mm This was in 
correspondence with the preliminary measured thickness of the bone specimen as 
measured with calipers and the interactive measurements of the cross-section of the 
sample The micro-CT software was used to make a 3D-reconstruction from the 
obtained set of scans 
Statistical analysis 
Mean values and standard deviations (SD) were calculated One-way Analysis of 
Variance was used for comparing the differences between groups (ANOVA) All 
calculations were performed through the use of GraphPad® Instat 3 05 software 
(GraphPad Software Ine , San Diego, CA, USA) Differences were considered as 
significant when ρ < 0 05 The Dixon outlier test was used to calculate and exclude 
outlying data from the dataset 
Results 
Surface roughness measurements of implant surface 
Surface topographic evaluation demonstrated that both experimental surfaces 
differed m surface roughness (Table 1) The machined surface showed an average 
surface roughness (Ra = 0 45 μιτι), which was significantly lower than the etched 
surface (Ra = 1 47 μητι) The values for the parameter RSk showed that the two 
surfaces had a positively skewed surface, the surfaces consisted of more peaks than 
valleys Although, the data appeared to indicate that the etched implants had a higher 
Rsk mean value, statistical testing revealed that the difference was not significant 
(Table!) 
53 
Chapter 3 
Mechanical testing 
The results of the torque measurements are listed m Table 2 and depicted in Figure 
2 Statistical testing showed that significant differences existed between the various 
surgical approaches (Table 2) The highest in screw and removal torque (115 2 and 
102 9 Ncm respectively) values were always observed for the etched implants 
installed with approach 2 
Table 1 The mean ± sd value of surface roughness parameters 
Ra 
Rq 
Rsk 
Machined 
0 45 ± 0 32 
0 29 ± 0 1 
0 08 ± 0 35 
Etched 
1 47 ± 0 54 
1 82 ± 0 68 
0 29 ± 0 35 
Ρ value 
p < 0 05 
p < 0 01 
p > 0 05 
Amplitude parameters (Wennerberg) 
Ra - the arithmetic mean of the absolute values of the surface departures from a 
mean plane within the sampling area It is measured in micrometers 
Rq - the root mean square value of the surface departures within the sample area It 
has the statistical signification as the standard deviation of the height distribution 
Rsk - the measure of the symmetry of surface deviations about the mean plane A 
negatively skewed surface has more valleys than peaks 
Histological and Histomorphometric evaluation 
The histological evaluation did not demonstrate a difference m bone contact within 
the same approaches between the various implants, ι e no effect of implant surface 
properties (machined vs roughened) was seen For all surgical approaches the 
highest amount of bone-implant contact was observed around the most coronal part 
of the implants 
Further in approach 1 sections the trabecular bone was found to be mainly in contact 
with the top of the screw threads (Figure 3) A lot of bone debris was seen at the 
apex of the implants (Figure 4) Occasionally, bone debris was also present in the 
trabecular voids 
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Table 2 The mean ± sd (Ncm) of the insertion and removal torque values 
Group 
M press in 
M press out 
M under in 
M under out 
M osteo in 
M osteo out 
E press in 
E press out 
E under in 
E under out 
E osteo in 
E osteo out 
Mean ± sd 
81 2 ± 28 4 
50 2 ± 41 9 
93 ± 37 4 
54 3 ± 42 7 
64 3 ± 21 6 
48 4 ± 27 9 
70 8 ± 25 7 
76 6 ± 24 4 
1 1 5 2 ± 3 1 1 
102 9 ± 3 6 4 
66 ± 24 1 
51 ± 23 6 
Comparison 
M press out vs E under out 
M under out vs E under out 
M osteo in vs E under in 
M osteo out vs E under out 
E press in vs E under in 
E under in vs E osteo in 
E under out vs E osteo out 
Ρ value 
ρ <0 001 
p < 0 01 
P < 0 01 
p < 0 01 
p < 0 05 
p < 0 01 
p < 0 05 
M = Machined & E = Etched 
In = m-screw & Out = out-screw 
Press = Press fit, Under = Under-sized, Osteo = Osteotome 
Approach 2 sections showed that in the trabecular bone area the major part of the 
implants was m close contact with bone The inner area of almost all screw threads 
was completely filled with bone Also, a lot of fractured bone particles had penetrated 
in the trabecular voids (Figure 5) 
The light microscopical appearance of approach 3 sections was in between both 
other approaches Frequently, a lot of bone was observed in the inner area of the 
screw threads Bone debris, / e small bone fragments were seen m the trabecular 
voids Very occasionally (in two specimens), fracturing of bone trabeculae was 
observed When present, this only occurred in trabeculae very close to the implant 
surface Different from the other two approaches, a clear bone condensation was 
present at the implant apex (Figures 6) 
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Figure 2: Graph showing the insertion and removal torque values (mean ± SD) as 
obtained with the various approaches. 
DM press in 
D M press out 
• M under in 
DM under out 
DM osteo in 
D M osteo out 
• E press in 
D E press out 
DE under in 
D E under out 
• E osteo in 
D E osteo out 
M = Machined & E = Etched. 
In = in-screw & Out = out-screw. 
Press = Press fit. Under = Under-sized, Osteo = Osteotome. 
Table 3 Bone implant contact percentage. 
Group 
M press 
M under 
M osteo 
E press 
E under 
E osteo 
Mean ± sd 
54.4 ± 1 0 
71 ±10.2 
65.9 ±8.7 
48.7 ±2.8 
87.5 ±5.6 
77.6 ±16.6 
Comparison 
M press vs E under 
M press vs E osteo 
E press vs E under 
E press vs E osteo 
Ρ value 
p<0.01 
p<0.05 
ρ <0.001 
p<0.01 
M = Machined & E = Etched. 
In = in-screw & Out = out-screw. 
Press = Press fit. Under = Under-sized, Osteo = Osteotome. 
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The histomorphometric evaluation showed (Table 3) that there was significantly less 
bone-to-implant contact for the machined press-fit inserted implants compared with 
the etched undersized and etched osteotome inserted implants. Statistical analysis 
also revealed that less bone-to-implant contact existed around etched press fit 
inserted implants compared with the two other approaches. 
Figure 3: Histological section of a roughened implant installed using the press-fit 
technique. A. the bone trabeculae have only a limited contact with the implant surface 
(original magnification χ 2); Β. only occasionally bone debris was present in between 
the bone trabeculae (original magnification χ 7). 
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Figure 4: Light micrograph of a roughened implant inserted with the press-fit 
approach. Fractured bone particles can be seen at the apex of the implant (original 
magnification χ 2). 
Figure 5: Histological section showing the penetration of bone particles in the 
trabecular voids after installation of a machined implant using the undersized 
approach (original magnification χ 7). 
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Figure 6: Light micrograph showing bone densification at the apex of a roughened 
implant installed with the osteotome approach; A. original magnification χ 2; Β. 
original magnification χ 7. 
Figure 7: SEM micrograph of an etched implant showing that the majority of screw 
threads are filled with bone trabecuale when the undersized implant installation 
approach is used. 
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Figure 8: microCT pictures showing the bone appearance after installation of the 
polymeric implant replica's. A. press-fit approach; B. undersized approach; C. 
osteotome approach. 
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SEM 
SEM confirmed our light microscopical observations. Similar to the histological 
sections, in approach 1 trabecular bone was seen to be in contact with only the tips 
of the screw threads. In approach 2, the majority of the screw threads were filled with 
bone tissue; a lot of debris was found in the trabecular voids as well as in the inner 
area of the screw threads (Figure 7). Also in approach 3 some fractured bone 
trabeculae and debris was observed in the trabecular voids. 
MicroCT evaluation 
By doing 3D reconstruction of the micro CT images, the three approaches were 
compared (Fig 8). Similar observations were done as with the light microscopical 
sectioning and SEM imaging. Approach 1 and 3 resulted in well-defined defects, in 
which the cavity walls could be recognized very clearly. In approach 3, more bone 
debris appeared to be present at the coronal side of the bone defect. In approach 2, 
the defect wall was very difficult to recognize. A lot of small bone particles were 
present at the implant bone interfaces, which were interspersed in the trabecular 
bone voids. 
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Discussion 
In the present in vitro study we focused on the relationship between implant surface 
parameters, surgical approach and initial implant fixation Our major finding is that the 
combination of implant surface roughness with undersized bone drilling results in the 
highest in- and out-screw values Additionally, histological and microCT analysis 
showed that undersized drilling gives the highest amount of initial implant-bone 
contact Combination of all these data indeed confirms that surgical approach has a 
high impact on the stability and fixation of oral implants This corroborates with a 
recent study of Buchter et al 2003, who also evaluated in vitro implant stability of 
microrough implants inserted into the mandibular bone of mimpigs by using a 
conventional burr technique, burr technique with additional thread cutting and 
osteotome technique Resonance frequency analysis and removal torque were 
significantly better for the conventional burr technique compared with the osteotome 
technique Our data appear to reduce the benefit of the osteotome technique for the 
installation of oral implants in bone of low density However, we have to notice that 
the "experimental" osteotome technique as used by us deviates from the original 
method as described by Summers (1994 a, b & c), who did not use any pre-dnllmg at 
all This might explain the lack of initially increased fixation in our study We have to 
notice that the use of osteotomes is complex and requires additional training and 
skills from the surgeon A proper orientation of the osteotome instrument is essential 
for the final shape of the created hole and the fit of the implant For example, jiggling 
of the instrument during the bone densification procedure has to be prevented, 
because this can result in extensive widening of the hole in the apical implant area 
causing decreased implant fixation Further, a recent study of Buchter et al (2005) 
failed also to show a beneficial effect of the osteotome technique on the initial 
stability of implants, who claimed that this is due to the occurrence of microfractures 
in the pen-implant bone Despite the agreement in results, this kind of microfractunng 
was not a constant observation in our histological sections, because it only occurred 
in a very limited way in only two of the samples 
Considering our findings also some comments have to be made on the final 
biological effect of implant surface morphology vs surgical approach Szmuckler-
Moncler et al (2004 a & b) stated that it is bone interlocking at the interface that 
maintains the biological properties of textured surfaces, rather than a strong implant 
fixation per se and the pits carved during the etching process have a bone-
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interlocking capacity Subsequently, osteogenesis at the bone-implant interface is 
supposed to be influenced by various mechanisms, including (1) encouragement of 
endogenous expression of growth factors and cytokines by osteoblasts (Mustafa et 
al 2002), (2) lower stimulation of osteocytes (the mechanoreceptor cell of bone), and 
(3) increased adhesion of monocytes/macrophages as well as blood platelets and 
their secretory profile (Park & Davies 2000, Park et al 2001, Soskolne et al 2002, 
Takebe et al 2003). Recently, it has even been speculated that the bone healing 
events around implants follow a biological sequence that is not influenced to a great 
extent by the implant surface microtopography (Abrahamsson et al 2004) Only the 
final outcome of the healing process would be determined by the implant surface 
texture, whereby microrough surfaces have to be considered as "osteophihc" The 
histology and microCT results of the current study leave space for a completely 
different explanation for increased bone formation Due to the undersized and 
osteotome approach, a lot of small bone fragments are created and pressed in 
between the trabecular voids and in between the screw threads during implant 
installation These bone fragments behave like a kind of autograft and can induce 
new bone formation It can even be suggested that rough implant surfaces are more 
prone to adhesion of the bone fragments than machined implant surfaces resulting in 
an increased bone formation Follow-up in vivo studies have to proof this hypothesis 
Finally, it is well known that the implantation of an implant in an undersized implant 
socket alters the mechanical stresses in the pen-implant area m a significant manner 
compared with a press-fit inserted implant (Widmer ef al 1997, Taylor et al 1998, 
Skalak & Zhao 2000) In the present study, the mismatch between implant and drill 
hole diameter was 0 6 mm This contributed to the increased in- and out-screw 
values compared with the press-fit inserted roughened implants Nevertheless, we do 
not know the magnitude of the stress as generated due to this specific size of 
mismatch This lack of knowledge is significant, because high bone stresses can lead 
to increased bone remodeling and bone loss (Brunski 2003, Kitamura et al 2004) All 
advices about size of the drill hole implant diameter and specific bone characteristics 
of the implantation site appear to be based on empirical experiences and lack clear 
scientific support Therefore, studies have to be performed to the most optimal 
difference in diameter between drill holes and implant diameter and the subsequent 
biomechamcal adaptation to stress (Hansson 2003 & 2000) 
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In conclusion, this study shows that the surgical technique has a decisive effect on 
implant fixation (represented in this study by ITV/RTV and histomorphometric 
evaluation) in trabecular bone. Nevertheless, additional in vivo studies have to be 
done to prove the importance of surgical protocol for the final implant-bone response. 
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A meta-analysis of clinical studies to estimate the 
4.5 year survival rate of implants inserted with the 
osteotome technique 
Chapter 4 
Abstract 
Objective: To estimate the survival rate of implants inserted with osteotome 
technique by means of a systematic review. 
Materials and Methods: The literature was searched using MEDLINE from 1953 to 
2005. Inclusion criteria were: (1) clinical studies or clinical reports investigating the 
osteotome technique for dental implantation and (2) control or test group(s) from 
clinical study or clinical report, even if the other group(s) did not fit with other criteria. 
By pooling the data of the included studies, overall Kaplan-Meier survival curves 
were constructed for the periods before (Su = survival of implants before loading) and 
after loading (Si = survival of implants after loading). 
Results: The literature search revealed 164 hits. After two selection steps 5 studies 
were considered suitable for inclusion. The combined data of 349 implants revealed 
survival probabilities of 98% (CI: 97.2% - 100%) until loading and 99% (CI: 94% -
100%) after 56 months of loading, respectively. At the end of the observation period 
41 implants (18 patients) were still at risk. 
Conclusion: The outcome of dental implantation using the osteotome technique in 
terms of the clinical performance of the implant survival probability seems to be 
similar to the survival of implants placed by the conventional implantation technique. 
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Introduction 
Over the years, a large number of different implant systems has been introduced with 
substantial variations m drilling equipment Amongst others, surgical technique is 
considered to be one of the factors of importance for successful oseointegration of 
dental implants (Puchades-Roman ef al 2000, Van Steenberghe ef al 2000, 
Gotfredsen & Karlsson 2001, Engquist ef al 2002, Astrand ef al 2004, Wennstrom ef 
al 2004) Biological failures of oral implants have been associated with bone quality 
and the degree of surgical trauma (Esposito et al a & b) 
One of the surgical techniques that has been introduced is the osteotome technique 
This technique and the instruments used to perform it are defined in the literature 
with different terms latum (1986) designed a set of 'socket formers', which is 
actually a series of graduated wedges According to the author, these formers can be 
used to aid in the socket preparation by means of progressive compression of bone 
and will in this way form the internal configuration of the socket (latum 1986) 
Later, Summers (1994) was the first to present a complete implant site preparation 
technique, in which the bone is also not removed but compressed and called it 
'osteotome technique' The objective of this technique is to maintain, if possible, all of 
the existing maxillary bone by pushing the bone aside with - according to the author -
"minimal trauma while developing an accurately shaped osteotomy" (Summers 1994) 
When reviewing the literature few data were found on the predictability of osteotome 
technique without additional sinus elevation or ridge expansion (Berengo ef al 2004, 
Bragger ef al 2004, Deporter ef al 2005, Leblebicioglu ef al 2005) It appears that in 
the majority of clinical studies, the osteotome technique was done in combination 
with sinus floor elevation (SFE) or guided bone regeneration (GBR) 
The mam purpose of the osteotome technique is to form a denser bone area around 
the prepared site, thus enhancing the effective bone quality around the implant The 
healing process after the implantation is not completely clear For instance, the 
magnitude of forces and the amount of heat generated by 'hammering' the implant 
site with an osteotome as well as the role that these features play m the healing 
process are unknown 
During the last few years, in vitro models have been used to prove the efficacy of the 
osteotome technique For example, Buchter ef al (2003) showed statistically 
significant higher removal torque values for conventional technique compared to 
osteotome while Shalabi ef al (2006) showed only a significant difference between 
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osteotome technique and a so-called under-sized preparation technique, where 
diameter of implant bed is smaller than the implant diameter; removal torque values 
were 51 and 103Ncm respectively. 
Besides in vitro studies, also several in vivo animal studies have been done. Some of 
these experiments showed statistically significant removal torque values and bone 
ratio after 28 days healing for conventional techniques compared to the osteotome 
technique (Buchter ef al. 2005 a & b). Nkenke ef al, 2002 found a statistically 
significant increase in bone-to-implant contact for osteotome technique after 2 and 4 
weeks healing. At 8 weeks, this significant difference no longer existed compared to 
conventional technique. Also, immediately loaded implants installed with the 
osteotome technique performed the same as implants subjected to an unloaded 
healing period prior to loading. No statistical difference in bone-to-implant contact 
was observed between the two approaches (Nkenke ef al. 2005 a & b). 
Evidently, the currently available experimental data do not provide a clear answer on 
the final worth of the osteotome technique. On the other hand, it is also known that in 
vitro as well as in vivo animal data are very difficult to extrapolate to the human 
clinical situation. This is caused by discrepancies in e.g. loading conditions, bone 
density, healing time, etc. Fortunately, also several clinical studies have been done 
using the osteotome technique for the installation of oral implants in the upper jaw of 
patients. Consequently, the aim of this study was to systematically review the data 
from reported clinical studies regarding the osteotome technique with the purpose to 
estimate an overall survival rate of implants by means of a meta-analysis. 
Materials & Methods 
The major phases in this review were: literature search and selection, inclusion / 
exclusion of papers, extraction of data, and statistical analysis. The literature was 
searched with an electronic database (MEDLINE) with year limits 1953 to 2005. The 
last electronic search was conducted on December 2005. The Keyword used was 
"osteotome". Two independent readers carried out a selection of the references 
found on the basis of abstracts as published in MEDLINE. If no abstract was 
available in the MEDLINE, the original article was used. The emphasis of this first 
step in the review procedure was on inclusion of references using the criteria shown 
in Table 1. Disagreements were resolved by discussion. 
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In the second step, the two readers selected articles on basis of an additional list of 
selection criteria (Table 1, step 2). Next, the reference lists of included papers were 
checked by hand and cross-matched with the original list of references with the 
purpose to add possible overlooked papers meeting the inclusion criteria. The 
selection procedure was completed by independent reading (two readers) of the aims 
of the studies and the Materials and Methods, and Results sections of the articles. 
Cohen's Kappa-coefficients were used as a measure of agreement between the two 
readers for both selection steps. 
Overall cumulative Kaplan-Meier survival curves were constructed for the periods 
before (Su = survival of implants before loading) and after loading (Si = survival of 
implants after loading). The end point of Su was used as the starting point of Si (Si = 
100%). Standard errors (S.E.) were computed with the Greenwood formula and the 
confidence intervals with ± 2 * Standard errors. Implants that did not fail at the end of 
a study observation period were considered as censored observations. 
Survival data from the selected papers were only extracted and used for inference 
when it was described that the osteotome technique was used for implant site 
preparation with or without sinus floor elevation. Data from articles in which this 
technique was used for sinus floor elevation only, were not included (i.e. Diserens ef 
al. 2005; Khatibolou 2005 and Li 2005). 
Mainly, the description of the osteotome technique by Summers (1994) was applied 
to the selected studies, which reads as; "a complete implant site preparation 
technique, in which the bone is also not removed but compressed". Only in one 
selected study another surgical approach was applied consisting of the use of a 
calibrated trephine drill followed by an osteotome (Fugazzotto 2002). 
Table 1 In- and exclusion criteria for selecting papers in two selection steps. 
Step 1 Include - Studies dealing with dental implant & osteotome technique; 
- Control groups from other studies, even if the test group(s) is 
not fit with other criteria; 
Exclude - Descriptive studies (i.e. preliminary, case reports, pilot studies). 
- Systematic reviews 
Step 2 Include - Clinical studies or clinical reports used "osteotome technique" 
with dental implants; 
- Osteotome technique that used for implant site preparation with 
or without sinus floor elevation. 
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Results 
The MEDLINE literature search resulted in 164 hits After the first selection step, 13 
articles remained, 151 were excluded (mter-reader agreement k=0 74 ± 0 09) The 
second step revealed five papers fulfilling the inclusion criteria (mter-reader 
agreement k=0 84 ± 0 14) Eight papers were excluded in this step three studies 
were explanatory & illustrative, three presented in vivo animal studies, one described 
an in vitro study, and one clinical study investigated implants placed in regenerated 
bone The hand search did not reveal additional studies to be included (Table 2) 
Although the selected studies showed a substantial variation in study characteristics 
and differences in reporting quality (Table 3), they provided sufficient information for 
statistical analysis The five studies used the osteotome technique as defined, 
therefore all data were used for the construction of the cumulative overall survival 
curve Since all studies presented range follow-up times, only mean follow-up periods 
could be used as censoring time End points of Su (time until loading) and Si (after 56 
months) were respectively 98% (CI 97 2% - 100%) and 99% (CI 94% - 100%) 
(Figure 1 & Table 4, 5, 6) 
Table 2 Papers selected after first selection (in alphabetic order, n=13), papers 
remaining after second selection are presented in italics (n=5) 
Reference Reason(s) for exclusion 
Baraboha 1972 explanatory & illustrative study 
Buchter et al 2005 in vivo animal study 
Buchter ef al 2003 m vitro study 
Flanagan 2002 explanatory & illustrative study 
Fugazzotto 2002 
Fugazzotto & De 2002 implants placed in regenerated bone 
Hahn 1999 explanatory & illustrative study 
Komarnyckyj & London 1998 
Nkenke ef al 2005 m vivo animal study 
Nkenke ef al 2002 m vivo animal study 
Rodonietal 2005 
Stnetzeletal 2002 
Summers 1994 
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Table 3 Relevant data of the selected clinical studies used osteotome technique 
Data 
Prospective/ 
Retrospective 
Patients 
selection 
criteria given 
Patients 
Male/Female 
Implants 
Implant 
system 
Implant 
surface 
# Operators 
Technique 
according to 
definition 
Bone type 
Implants 
length (mm) 
With GBR 
With SE 
Postoperative 
management 
Healing period 
Loading time 
(Months) 
Loading type 
Reasons for 
failure/removal 
given 
Complication 
described 
Implants 
failure 
Fugazotto, 
2002 
Retrospectiv 
e 
Yes 
103 
42m 40 8% 
61w59 2% 
116 
Innovations 
(3i) 
Straumann 
(ITI) 
NA 
1 
Yes 
NA 
NA 
With + 
without 
With 
Described 
6-12 weeks 
0-12-» 
31 implants 
13-24^43 
25-36 -» 29 
37-48 ^ 11 
Single 
crown, fixed 
PD, 
abutment 
No 
3sites 
2 
Komarnyckyj 
& London, 
1998 
Prospective 
Yes 
16 
NA 
43 
Straumann(IT 
I) 
TPS 
NA 
Yes 
lll+IV 
NA 
With + without 
With + without 
Described 
ä 9 months 
9months-
4years 
NA 
Yes 
1 patient 
2 
Rodoni ef al, 
2005 
Retrospective 
No 
48(18)* 
25m (7)* 
23w(11)* 
134(18)* 
Branemark+3i 
(Turned) 
Machined 
2 
Yes 
NA 
10 11 5, 13, 
15 
With 
With 
NA 
6months 
9-80 
NA 
NA 
NA 
0 
Strietzel ef al, 
2002 
Retrospective 
No 
22 
10m 
12w 
22^12* 
3i+Friadent 
NA 
NA 
Yes 
ll+lll 
NA 
NA 
NA 
NA 
6months 
3-12 
NA 
Yes 
3 patients 
2 
Summers, 
1996 
Clinical 
report 
No 
55 
NA 
143 
Microvent + 
Inegral + 
Hexcylmder 
HA+TPS 
NA 
IV 
>13 
NA 
NA 
NA 
> Smonths 
11-27 
NA 
No 
1 implants 
2 
( )* = number of patients with osteotome technique 
12 = only 12 implants loaded , TPS = titanium plasma sprayed, 
HA = hydroxy abatite, GBR= guided bone regeneration, SE= sinus elevation, Fixed 
PD = fixed partial denture, NA = not available 
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Figure 1 Survival probabilities of the implants with 95% confidence interval (CI). 
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The letters in the graph indicate the studies as included for the meta-analysis: 
F= Fugazotto, 2002 (four groups divided according to different loading time period as 
in the original article). 
K= Komarnyckyj & London, 1998. 
R= Rodoni ef al, 2005. 
St= Strietzel ef a/, 2002. 
Su= Summers, 1996. 
φ Endpoint of preloading period (Su) (97.7% survival; healing period minimum 6 
weeks) and starting point of loading (Si) (numbers at risk = 349). 
• Endpoint of loading period (98.8% survival, numbers at risk = 41). 
Confidence interval. 
— Lower confidence interval (end point 93.9% survival). 
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Table 4 Number of implant at risk and 95% confidence interval (CI) censoring time 
after loading. 
studies 
Fugazotto 2002 
Strietzel ef al. 2002 
Fugazotto 2002 
Summers 1996 
Komarnyckyj & 
London 1998 
Fugazotto 2002 
Fugazotto 2002 
Rodoni ef al. 2005 
Months 
0 
6 
13 
18 
19 
28 
30 
42 
56 
Implants at risk 
349 
318 
306 
263 
122 
81 
52 
41 
41 
95% CI 
0 
(0.99;1) 
(0.99;1) 
(0.99;1) 
(0.97;0.99) 
(0.96:0.99) 
(0.95;0.99) 
(0.94;0.99) 
(0.94;0.99) 
Discussion 
The current study, deals with a systematic review, where data from clinical studies 
were combined in order to determine an overall survival rate of dental implants 
inserted by the osteotome technique. 
The selection procedure started with a broad search strategy. The use of only one 
data source (MEDLINE) carries a chance of selection bias. To overcome this 
problem, the reference lists of included articles were hand searched. Since no 
additional papers were found that met the inclusion criteria, it was considered 
unnecessary to apply other databases. 
All selected clinical studies except one used the osteotome technique as described 
by Summers (1994). Fugazotto (2002) described the use of a calibrated trephine bur 
in the first step in the procedure, mentioning that this method is less traumatic and 
disconcerting to the patient compared to repeated malleting. Next, a calibrated 
osteotome corresponding to the diameter of the trephine preparation was used to 
implode the trephined bone core in the direction of the sinus floor. 
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Table 5 Details of implant failure of selected studies. 
Data 
# Implants 
# Implants 
used for 
osteotome 
technique 
# Implants 
failed before 
loading 
# Implants 
failed after 
loading 
Implants risk 
period 
Mean follow-
up (months) 
time=censori 
ng 
# Implants 
excluded by 
author 
(reason) 
Fugazotto 
2002 
116 
116 
2 (time of 
abutment 
placement) 
No failure 
31 implants 
for 6months 
43 for 
18mons 
29 for 
30mons 
11 for 
42mons 
6, 18,30,42 
No 
Komarnyckyj 
& London 
1998 
43 
43 
2 ^ at 
abutment 
placement/bot 
h replaced 
No failure 
43 implants for 
28 months 
28 
No 
Rodoni ei 
al. 2005 
134 
18 
18 
implants 
for 44 
months 
56 
Only one 
implant 
from each 
patient 
included 
for 
statistical 
analysis 
(23 
excluded) 
Strietzel ef 
al. 2002 
22 
22 
2 
No failure 
12 implants 
for 13months 
13 
12-evaluated 
8-dropped 
out 
(not 
available for 
follow up) 
Summers 
1996 
143 
143 
2 ->one during 
abutment 
connection, 
second/infecti 
on 
3 (treated ) 
143 implants 
for 19 months 
19 
No 
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Table 6 Steps of surgical technique for included studies 
Data 
1 
2 
3 
4 
5 
Fugazotto 
2002 
500 rpm 
(trephine) 
Osteotome 
Self-tapping 
0 3 75 or 4 
Or Non-self-
tapping 
0 4 1 
Or Non-self-
tapping 
0 4 8 
Komarnyckyj 
& London 1998 
Twist drill 
0 2mm 
Osteotome 1 +2 
0 3 5 dilator 
Osteotome 3, 
SE cases 
Implant 
Rodoni ei 
al. 2005 
Not 
described 
m detail 
Strietzel ef al. 
2002 
Pilot drilling 
Osteotomes 
Or Bone 
condenser 
(Fnadent) 
Implant 
Summers 
1996 
See text 
detail 
Finally, the implant site preparation was completed utilizing sequentially sized 
osteotomes According to the author, the use of a trephine before the osteotome 
reduces the loss of significant amounts of bone compared with the use of spiral pilot 
drills Although this surgical technique is considered to be substantially different from 
the techniques described in the other selected papers, it is still within the lines of the 
definition used in this study for osteotome technique Further, it has to be noticed that 
in the Fugazotto study two different implant systems were used and four different 
loading groups However, the results were only reported in relation to loading and the 
data were not handled independently for implant system 
Unfortunately, no systematic reviews are available, which deal exclusively with 
maxillary implants Therefore, the results of the current meta-analysis were 
compared with other clinical reviews, which contained mixed populations (ι e both 
mandibular and maxillary implants) The comparison indicated that the present 
finding is within the range of those found m other reviews, in which different implant 
systems using conventional dental implantation techniques were evaluated 
(Creugers ef al 2000, Eckert ef al 2005) Eckert (2005) estimated an overall 5-year 
survival rate of 96% (CI 93- 98%) for the pooled data of 17 articles (in total 7,398 
implants) and found no differences between implant survivals of the evaluated 
systems However, since the present meta-analysis, as well as the outcomes of the 
above-mentioned reviews, are partially based on cohort studies and case series and 
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not on randomized clinical trials (RCTs) only, direct comparison of efficacies is not 
permitted A recently published systematic review on RCTs only provided evidence 
on the efficacy of different implant systems (Esposito ef al 2005), but no data 
regarding the osteotome technique were included Moreover, the outcomes were 
presented in relative-risk ratios rather than in survival probabilities, so comparison is 
actually impossible Although the reviews mentioned above (Creugers ef al 2000, 
Eckert ef al 2005) failed to provide evidence regarding efficacy, the information 
regarding clinical performance in terms of survival may be considered as evidence 
for prognosis (Creugers & Kreulen 2003, Phillips ef al 2001) It therefore seems that 
that the prognosis of implants placed in the unfavorable maxillary sinus region as 
estimated in the present study can meet the prognosis of the mixed implant 
populations that were involved in the Eckert study (in the included studies a 
substantial number of implants were placed m the mandible, which is known to be a 
more favorable site for implantation) (Lmdquist ef al 1996, Arvidson ef al 1998, 
Scheller ef al 1998, Polizzi ef al 1999, Cooper et al 2002) 
Whereas the present study was investigating the clinical performance of the 
osteotome technique for implant site preparation, another recent meta-analysis 
evaluated the survival of dental implantation following sinus floor elevation with 
osteotomes (Emmerich & Stappert 2005) Comparison of these two reviews reveals 
that the survival probabilities again were similar The sets of studies included in these 
meta-analyses had one common primary study, which is the above mentioned study 
that includes sinus-elevation by means of reallocation of a trephined bone core 
(Fugazotto, 2002) In another systematic review, which evaluated implants placed in 
grafted maxillary sinus sites (Del Fabbro 2004), the survival probability after 
observation periods of 3 years was calculated to be 88 5% for implants with 
autogenous bone grafts and 95 6% when bone substitutes were used to build up the 
implant sites 
In conclusion, for the period investigated, the prognosis of implants inserted by 
osteotome technique as computed in this study seems to be similar to published data 
of implants that are inserted by conventional drilling technique Nevertheless, it has 
to be emphasized that no RCTS is available that deals with just maxillary implants 
Consequently, the performance of such a trial has to be recommended in order to 
find evidence for better efficacy of one or the other implantation technique compared 
to the other 
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A mechanical evaluation of implants placed with 
different surgical techniques into the trabecular 
bone of goats 
Chapter 5 
Abstract 
Objective: The aim of the study was to assess the effects of surgical technique and 
implant surface roughness on implant fixation 
Materials and Methods: A total of 48 screw implants with machined or etched 
surface topographies were placed into the femoral condyles of goats The implant 
sites were prepared either by a conventional technique, by under-sized preparation, 
or by the osteotome technique Bone tissue responses were evaluated after 12 
weeks of healing by removal torque testing and histologic analysis using scanning 
electron microscope (SEM) 
Results: The cumulative removal torque value of the etched implants placed with the 
undersized technique (98 ± 29Ncm) was higher (50 ± 35Ncm) to a level of statistical 
significance than machined surface implants placed by the osteotome technique 
SEM evaluation showed that all implants showed mterfacial bone contact The torque 
test resulted in fracture at the bone-implant interface for all experimental conditions 
Conclusion: The installation of etched implants using an undersized preparation of 
the implant bed resulted in superior bonding strength with the surrounding bone at 12 
weeks postoperative Evidently, the undersized preparation technique improved the 
early fixation of oral implants in this study 
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Introduction 
The long-term clinical efficacy of dental implants requires the establishment of a 
mechanically stable interface with complete apposition between the bone tissue and 
implant surface without an intervening fibrous tissue layer. 
Besides implant surface chemical composition, surface roughness has been shown 
to be an important parameter in order to improve the bone tissue integration of dental 
implant (Albrektsson & Wennerberg 2004). Various subtraction as well as addition 
techniques have already been used to modify the implant surface topography, such 
as grit-blasting, acid-etching and plasma-spraying (Lincks et al. 1998; Castellani et 
al. 1999; Perrin et al. 2002; Galli et al. 2005). Nevertheless, contradictory results 
have been obtained, depending on the roughness amplitude and the method used to 
produce the surface roughness (Vercaigne 1998 a &b). 
In addition to implant surface roughness, the surgical technique used for implant 
placement can have a major impact on initial implant stability (Block & Kent 1990). 
One surgical technique used to increase initial implant stability in low-density bone is 
to prepare an implant receptor site that is smaller in diameter than the implant to be 
placed. In this way, an osteocompressive fit between the implant surface and bone 
bed is achieved. Implant surface roughness can also affect interfacial shear stress 
resulting in an increased resistance to loading (Skalak & Zhao 2000 a and b ). 
However, a drawback of all drilling techniques is that bone tissue is sacrificed during 
the drilling process. This shortcoming is exacerbated in situations where limited bone 
or bone of lesser density is available. In view of this, the osteotome technique was 
introduced to increase the primary stability of dental implants (Summers 1994). This 
technique consists of first preparing a small-sized pilot hole, then compressing the 
bone tissue laterally and apically with a spreader or implant-shaped instrument. The 
goal of this technique is to replace the implant with a high degree of stability without 
additional bone removal, which is theoretically believed to improve final bone healing 
(Skalak & Zhao 2000; Rosenlicht 2002; Le Gall 2004). This technique may hold 
promise for implants placed in low-density trabecular bone, e.g. as present in the 
upper jaw; however, at the moment only a very limited number of experimental 
studies are available to support this suggestion about the efficacy of the osteotome 
technique (Nkenke et al. 2002 and 2005; Buchter et al. 2005 a & b). In addition, the 
available information is difficult to interpret and occasionally even contradictory. For 
example, Nkenke ef al. (2002) used a rabbit model to compare the osteotome 
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technique with the conventional drilling technique. They showed that, eight-weeks 
after implant placement, the bone-to-implant contact ratio was not significantly 
different for the osteotome technique compared to the conventional implant 
placement. However, it has to be noticed that no mechanical data were provided 
about the final fixation of the implants in the bone. 
On the other hand, human clinical studies dealing with the osteotome technique 
suggest that a 100% success rate can always be achieved after implant loading 
(Komarnyckyj 1998; Fugazzotto 2002; Rodoni 2005), but the osteotome approach is 
mostly used for sinus elevation procedures in these studies rather than for implant 
socket preparation. 
Besides the use of the osteotome technique and the resulting osteocompression to 
achieve high initial implant stability, so-called "undersized drilling" can be used to 
create a wanted level of implant stability. The amount of required misfit between 
implant diameter and drill hole is determined by the bone density of the implant 
recipient site (Skalak & Zhao 2000a). This effect of drill hole diameter can be further 
affected by the shape and height of the implant surface roughness (Skalak & Zhao 
2000a). In view of this in the current study, the effect of surgical technique as well as 
implant surface roughness on final implant fixation were evaluated by mechanical 
testing of the implant and scanning electronic microscopic (SEM) evaluation of the 
bone-to-implant interface response after 12 weeks of healing. 
Materials and methods 
Implant 
Fourty-eight conically shaped, screw-designed oral implants (Biocomp® Industries, 
Vught, The Netherlands) were used (Figure 1). All implants were made of 
commercially pure titanium, measured 10 mm in length, and had a diameter of 4.6 
mm. 
The implants were divided into two groups according to surface topography: turned 
(machined) group and grit-blasted and acid-etched (roughened) group. 
Universal Surface Tester (UST®' Wurzburg, Germany) was used to characterize the 
different surface topographies. The equipment included a diamond stylus, consisting 
of a 60° cone, which was moved across a surface with a load of 10 Nm. Three 
screws of each surface type were selected at random and measured. 
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Figure 1 Machined and etched implants as used in the study. 
Animal model and implantation procedure 
Eight healthy mature female Saanen goats, 2-4 years of age and weighing about 60 
kg, were used in this study. Before surgery, blood samples of the goats were taken to 
ensure that the animals were free of Caprine Arthritis-Encephalitis (CAE/CL). The 
animals were housed in a stable. National guidelines for the care and use of 
laboratory animals were observed. 
General anesthesia was induced by an intravenous injection of pentobarbital and 
maintained by ethrane 2-3% through a constant volume ventilator administered 
through an endo-tracheal tube. The goats were connected to a heart monitor. To 
reduce the risk of peri-operative infection, the goats were treated according to the 
following doses of antibiotics: during the operation: Ampicillin (Albipen®, Intervet BV, 
Boxmeer, The Netherlands) 15 %, 3 ml/50 kg s.c, one and three day after the 
operation: Ampicillin (Albipen® LA, Intervet BV, Boxmeer, The Netherlands), 7.5 
ml/50 kg s.c. 
To place the implants into the trabecular bone of the femoral condyles, the animals 
were immobilized on their backs and the hind limbs were shaved, washed and 
disinfected with povidone-iodine. A longitudinal incision was made on the medial 
surface of the left and right femurs and the femoral condyles were exposed. Three 
holes were drilled in each femoral condyle at least 1 cm apart. The bone preparations 
were performed with a gentle surgical technique, using low rotational drill speeds 
(max. 800 rpm) and continuous internal cooling. After preparation the holes were 
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irrigated and then packed with sterile cotton gauze to stop bleeding Each femoral 
condyle had three implant sites, resulting in six implants in each goat 
For the installation of the femoral implants, three different surgical approaches were 
used 
• Approach 1 - Press-Fit Technique After exposure of the condyle, a hole was 
drilled with a consecutive series of drills to a final diameter of 4 6 mm 
• Approach 2 - Undersized Preparation Technique The final drill as used in the 
procedure had a diameter of 4 mm 
• Approach 3 - Osteotome Technique A pilot hole was prepared with a drill of 
2 55 mm in diameter A series of consecutive osteotomes (spreaders) were then 
used to enlarge the diameter of the pilot hole to a diameter of 4 6 mm (osteotome 
diameters were 3 4, 4 0, and 4 6 mm) Each osteotome or spreader was left in 
place for one minute 
All implants were manually placed, however, in six goats a Digital® torque instrument 
(MARK-10 Corporation, New York, USA) was used to measure the insertion torque 
value No significant differences m insertion torque were observed between the 
different implant surfaces and surgical techniques After placement of the implants, 
the soft tissues were closed in separate layers using resorbable vicryl 3-0 sutures 
Evaluation of the bone fixation was planned at an implantation period of 12 weeks At 
the end of the implantation period the goats were killed by an overdose of 
Pentobarbital (Nembutal® Apharmo, Arnhem, The Netherlands) and the implants 
with surrounding tissue were retrieved for mechanical and scanning electron 
microscope (SEM) evaluation 
Mechanical testing and interface evaluation 
For the mechanical testing, the goat condyles (8 condyles, 48 implants) were 
retrieved and the specimens were stored on ice at a temperature of approximately 4° 
C After arrival at the laboratory, implant fixation was measured using a torque 
removal test The torque-measurement device detected and registered the torque 
necessary to remove the implant The specimens were embedded m a mold with 
gypsum and placed on a support jig that was adaptable m multiple directions to 
ensure that a longitudinal force was placed on the implant. A tensile bench was used 
to slowly and gradually apply increasing torque (displacement 0 5 mm/mm) to each 
implant until it loosened When the peak force representing implant loosening was 
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reached, the torque-out procedure was finished 
Following the mechanical testing, the torqued specimens were divided m smaller 
samples containing one implant each These samples were embedded in 
methylmetacrylate (MMA) After polymerization, the specimens were hemi-sectioned 
perpendicularly along the longitudinal axis of the implants with a diamond blade 
sawing machine Subsequently, the implant containing surface of these specimens 
were polished, ultrasomcally cleaned with 100% aethylalcohol for 5 mm and carbon 
coated for evaluation of bone-implant interface by SEM (JEOL 6310, Jeol Ltd, 
Tokyo, Japan) to determine the bone-implant response as well as where the interface 
failure during the torque test had occurred 
Statistical analysis 
Mean values and standard deviations (SD) were calculated One-way analysis of 
Variance (ANOVA) with a Tukey test was used for comparing the differences 
between groups Differences were considered as significant when ρ < 0 05 All 
calculations were performed using GraphPad® Intant 3 05 software (GraphPad 
Software Ine, San Diego, CA, USA) 
Results 
Surface topography characterization 
Surface topographic evaluation demonstrated that both experimental surfaces 
differed in surface roughness (Table 1) The machined surface showed an average 
surface roughness value (Ra = 0 45 pm) that was significantly lower than that of the 
etched surface (Ra = 1 47 μιτι) The values for the parameter Rsk (Table 1) showed 
that the two surfaces had a positively skewed surface, the surfaces consisted of 
more peaks than valleys Although the data appeared to indicate that the etched 
implants had a higher Rsk mean value, statistical testing revealed that the difference 
was not significant (Table 1) 
Experimental animals 
Throughout the experimental period, the test animals appeared to remain in good 
health At sacrifice, no clinical signs of pen-implant inflammation or adverse reactions 
were clinically observed 
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Mechanical testing 
The results of the torque measurements are listed in Table 2 and depicted in Figure 
2. The highest mean removal torque value (98.5 ± 28.5 Ncm) was observed for the 
etched implants installed with the under-sized approach. Nevertheless, statistical 
testing showed that a significant difference existed only between etched implants 
placed using the under-sized approach compared to machined implants placed using 
the osteotome approach (Table 2). 
Table 1 The mean ± SD value of surface roughness parameters 
Ra 
Rq 
Rsk 
Machined 
0.45 ± 0.32 
0.29 ±0.1 
0.08 ± 0.35 
Etched 
1.47 ±0.54 
1.82 ±0.68 
0.29 ± 0.35 
ρ value 
ρ < 0.05 
ρ < 0.01 
ρ > 0.05 
Amplitude parameters (Wennerberg) 
Ra - the arithmetic mean of the absolute values of the surface departures from a 
mean plane within the sampling area. It is measured in micrometers. 
Rq - the root mean square value of the surface departures within the sample area. It 
has the statistical signification as the standard deviation of the height distribution. 
Rsk - the measure of the symmetry of surface deviations about the mean plane. A 
negatively skewed surface has more valleys than peaks. 
SEM evaluation 
In general, all implants showed new bone formation and interfacial bone contact. 
Implants with high failure values showed a lot of bone formation and a good 
interfacial bone contact (Figure 3). On the other hand, all implants with a low failure 
value showed the presence of fibrous tissue over a considerable length of the implant 
surface (Figures 4). 
The torque test resulted in a fracture at the bone-implant interface. Fracture was 
especially observed in the area where close bone-implant contact was achieved 
(Figure 5). 
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Table 2 The mean ± SD (Ncm) of the insertion (n=6) and removal torque (n=8) 
values. 
Group 
Machined 
Machined 
Machined 
Machined 
Machined 
Machined 
Etched 
Etched 
Etched 
Etched 
Etched 
Etched 
Placement technique 
Press-fit 
Press-fit 
Undersized 
Undersized 
Osteotome 
Osteotome 
Press-fit 
Press-fit 
Undersized 
Undersized 
Osteotome 
Osteotome 
Torque test 
Insertion 
Removal 
Insertion 
Removal 
Insertion 
Removal 
Insertion 
Removal 
Insertion 
Removal 
Insertion 
Removal 
Mean ± SD 
88 ±45 
64 ±35 
86 ±42 
84 ±33 
81 ±18 
50 ±35 
71 ±29 
65 ±17 
85 ±39 
98 ±29 
72±17 
56 ±19 
Machined osteotome removal torque compared to Etched undersized removal 
torque= P<0.05. 
Machined implants showed the presence of more bone between screw threads in 
the coronal portion of the implant compared to the apical part. In this area, the 
implants were partly lined with soft tissue consisting of fibrous connective tissue. In 
the area where the bone was in close contact with the implant surface, bone tended 
to grow down to the bottom of the threads (Figure 6). In approach 1, trabecular bone 
was seen to be in contact with tips of the screw threads. In approach 2, the amount 
of bone implant contact was less prominent compared to etched implants. In 
approach 3, a considerable area of the implant surface showed fibrous tissue 
formation. 
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Figure 2 Graph showing the removal torque values (mean ± SD) obtained with the 
various approaches. 
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Etched implants appeared to support more bone growth compared with the 
machined implants. Bone was in contact with the entire implant surface, including the 
inner diameter of the screw threads. Frequently, all screw tips were in contact with 
bone tissue (Figure 7 & 8). In approach 2, most screw threads were filled with bone 
tissue; both along the superior and inferior flank as well as the root area of the screw 
thread. 
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Figure 3 Backscatter SEM micrographs of an etched implant placed using an 
undersized approach. (A) Overview at magnification x25. Note the intimate 
apposition of bone trabeculae to the implant surface. (B) Higher magnification (x 150) 
of the threaded area. The fracture caused by mechanical testing occurred at the 
implant-bone interface (black line). Bone can be seen in close apposition to the 
implant surface. (C) Higher magnification (x 400) of the flat implant part. Again the 
fracture line induced by the torque testing can be clearly recognized. Also, at the flat 
implant part a tight implant-bone contact existed. 
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Figure 4 Backscatter SEM micrograph of a machined implant placed by the 
osteotome approach (original magnification χ 25). Bone is growing into the screw-
threads and is in close contact with the flat implant part. 
Figure 5 Backscatter SEM micrograph of machined implant placed by the press-
fit technique showing a fracture line at the implant interface as a consequence of 
the removal torque test (original magnification χ 500). The occurrence of the 
interfacial failure confirms the rigid implant-bone fixation. 
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Figure 6 Backscatter SEM micrograph of a machined implant placed by the press-fit 
method (original magnification χ 15). The trabecular nature of the bone surrounding 
the implant can be observed. Bone tissue has grown in the majority of the screw-
threads. The amount of bone contact at the flat implant part is very limited. 
Figure 7 Backscatter SEM micrograph showing the threaded part of an etched 
implant placed by the press-fit technique (original magnification χ 75). Again the 
fracture line caused by mechanical testing can be recognized at the implant interface. 
There is bone-to-implant contact with one of the screw-threads (right hand bottom 
corner), while no bone contact is present with the other screw-threads. 
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Figure 8 Backscatter SEM micrograph of an etched implant placed by the osteotome 
approach (original magnification x15). The bone that surrounds the implant has 
trabecular morphology. The amount of bone contact is very limited and occurs with 
only a few tips of the screw-threads. 
Discussion 
The aim of this study was to investigate the effect of surface roughness and different 
surgical techniques on the mechanical fixation of titanium oral implants 12 weeks 
after installation. 
The main finding of this in vivo study using the goat model was that the etched 
implants placed with an undersized approach showed the highest removal torque 
values. 
To obtain information about the bone-implant interface strength, mechanical 
evaluation of retrieved implants must be performed. For threaded implants, the most 
appropriate choice is the use of torque testing. In addition, a thorough analysis of the 
fractured interface is necessary after the torque testing to determine whether the 
torque failure is indeed caused by failure of the bone-implant interface. Reverse 
torque testing primarily places shear forces on the root-form implant around its cross 
section, although it is important to keep in mind that this method of loading may not 
directly relate to long-term clinical application (Jividen & Misch 2000). 
Comparable other studies have been performed by such researchers as Buchter ef 
al., who placed implants with surfaces that were sandblasted with large grit and acid-
etched (IT! SLA, Straumann GmbH, Freiburg, Germany) in the tibial metaphysis of 
minipigs. They compared osteotome preparation with an undersized preparation 
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technique in which there was a discrepancy of 0 6 mm between the last drill and 
implant diameter i.e. the last spiral drill was 3.5 mm in diameter and the implant was 
4 1 mm in diameter. After a healing period of 28 days, removal torques values were 
1115 and 59 Ncm for undersized and osteotome techniques, respectively Their 
reported results were comparable to the etched undersized and osteotome 
preparation groups in the present study 
However, it has to be noticed that most of the reported studies showed a wide 
variation in their respective used animal models as well as implant location 
(Gotfredsen et al. 1992; Bumgardner et al. 2000, Klokkevold et al 2001; Steigenga 
ef al. 2004; Sul 2004). Further, it is known that local bone conditions (quantity and 
quality) vary significantly between various animal species (An & Friedman 1999) 
Therefore, comparison and extrapolation of data with other studies is complex and 
can result in misinterpretation As a consequence, bonding strength data are only 
true for a specific experiment performed under strictly specific conditions. 
Basically, the difference between the undersized and osteotome technique is the 
degree of bone compression. Both approaches result in bone compression around 
the implant, but in the osteotome technique the compression is clearly higher 
because of force-fitting stresses (Skalak & Zhao 2000a), which arise when an implant 
is placed into an implant bed of smaller diameter. They showed that substantial 
stresses can be generated even when the diameter of the implant is only 100 
microns smaller than the hole m the bone (Skalak & Zhao 2000a). In view of this, the 
current failure of the osteotome technique to show the best result can be attributed to 
the high stress on the bone surrounding the implant bed in combination with the 
relatively high density of the trabecular bone of the femoral condyles. It has to be 
emphasized that the osteotome technique is designed to be used m Type-4 bone 
(Lekholm & Zarb 1985), while the density of condylar trabecular bone is somewhat 
higher. Unfortunately, no appropriate implant locations are available in large animals 
that both meet this bone type requirement and provide adequate available bone for 
the installation of implants. Furthermore, it cannot be excluded that a 3-month 
healing time is already too long because it results in remodelling of the newly formed 
bone tissue and a decrease in bone volume (Cardaropoli et al 2003) 
In view of the present findings, some commentary is warranted on the final biological 
effect of implant surface morphology. Abrahamsson et al. (2004) showed similar 
characteristics with resorptive and appositional events for both grit-blasted and acid-
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etched (SLA) and turned surfaces, but the rate and degree of osseomtegration were 
superior for the SLA compared with the turned implant surfaces Rota & Beloti (2003) 
suggested that, for titanium implants, Ra values ranging from 0.Θ0 to 1.90 
micrometers optimized both intermediary and final cellular responses, but did not 
affect the initial response, while smoother surfaces did not favor the cellular response 
at all. It has been implied that surface roughness changes the type and amount of 
protein adsorbed to the implanted material (Dehgianm et al. 2001). Further, surface 
roughness may also influence cell spreading. Some researchers have theorized that, 
on rough materials, cells form attachment sites on different peaks of the implanted 
material In contrast, cells on a smooth material will form all their attachment sites in 
one plane, on the ventral side of the cells resulting in larger lateral spreading33. 
Attachment sites are linked to the cytoskeleton, which is involved in the generation of 
mechanical tension within the cell (Ter Brugge et al. 2002) The degree of spreading 
may influence the amount of force generated within the cells, which may directly 
influence biochemical signals in the cell (Chicurel et al 1998; Galbraith & Sheetz 
1998) In this way, surface roughness may directly influence the phenotype and gene 
expression of cells on a titanium surface (Kim ef al. 2005). Increase of the size of the 
blasting particles to 300 micrometers does not further enhance the initial attachment 
of bone cells compared to turned surfaces and those blasted with 63- to 90-
micrometer particles (Mustafa et al. 2001) Similar to these bone cell studies, 
implants with an average surface roughness of 0 9-1.3microns were found to be 
optimal for bone fixation in a rabbit bone model for 12 weeks healing (Wennerberg ef 
al. 1995) 
Finally, a comparison has to be made between the current study and its predecessor 
in vitro study where similar implants and surgical techniques were used (Shalabi et 
al. 2006). This in vitro study showed that, directly after placement, not only the 
insertion and removal torque values for etched implants placed using an undersized 
technique was higher compared to machined implants, but that also the initial amount 
of bone-to-implant contact was higher for the etched implants Although a direct 
cellular effect of surface roughness cannot be excluded, this initial higher amount of 
bone contact can still be the reason for the higher removal torque of the etched 
implants from undersized sites in the present in vivo study. In view of this, a thorough 
histological and histomorphometncal assessment has to be performed to determine 
the amount of bone contact 12 weeks after placement of the implants 
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Conclusions 
Supported by the mechanical failure data, it was concluded that etched implants 
placed using an undersized approach resulted in superior bonding strength with the 
surrounding bone and appear to improve the early fixation of oral implants in the 
femoral condyle of the goat 
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A histological evaluation of implants placed with 
different surgical technique into the trabecular bone 
of goats 
Chapter 6 
Abstract 
Objective: The aim of this study was to investigate the influence of implant surface 
topography and surgical technique on bone response 
Materials and Methods: For the experiment 48 screw designed implants were used 
with two different surface finishes, i.e • machined and "blasted, etched". The implants 
were inserted in the left and right medial femoral condyle of 8 goats using three 
different surgical approaches press-fit (implant diameter = implant bed diameter), 
undersized (implant bed diameter < implant diameter) and osteotome. Each femoral 
condyle received 3 implants After an implantation period of 12 weeks the implants 
were retrieved and prepared for histological and histomorphometncal evaluation 
(bone contact and bone mass). 
Results: Light microscopy revealed that in general the bone response to all implants 
was very similar. On the other hand, histomorphometry suggested that the bone-to-
implant contact for the "blasted, etched" implants inserted by an undersized 
technique was higher compared with machined implants and the other surgical 
approaches, but the observed differences were not significant. Bone mass 
measurements did not reveal the occurrence of clear differences between groups 
and surgical approaches 
Conclusion: Supported by our findings, we conclude that implants provided with a 
"blasted, etched" surface and installed in trabecular bone using an undersized 
preparation technique appear to support an enhanced bone-implant contact The use 
of an osteotome technique did not lead to improved results 
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Introduction 
An important factor to establish a strong bone-to-implant interface is the surgical 
technique as used for the installation of oral implants (Albrektsson et al 1981) 
Surgical trauma together with anatomical conditions is supposed to be the key 
etiological factor for early implant loss (Esposito et al 1998, a & b) 
In view of the above mentioned, it is known that the clinical success rate of oral 
implants inserted in so-called Type 3 and 4 bone is less compared with implants 
installed in Type 1 and 2 bone Compromised initial implant stability in bone of low 
density can be a reason for this lower success rate A recently introduced solution for 
this problem is the use of an osteotome technique for the preparation of the implant 
bed The goal of this technique is to insert the implant with a high degree of stability 
without additional bone removal loss, which is theoretically believed to improve the 
final bone healing (Skalak and Zhao 2000, a & b) Human clinical studies showed 
already a 100% success rate of loaded implants using the osteotome technique 
(Summers 1994, Komarnyckyj & London 1998, Fugazzotto 2002) However, it has to 
be noticed that these favorable clinical data are not supported by results as obtained 
in experimental animal studies In contrast, the animal studies even contradict the 
human studies For example, Buchter et al demonstrated in a mimpig animal model 
that after 7 days of implantation no significant difference existed in bone-to-implant-
contact (BIC) ratio between screw-type implants inserted with the osteotome or 
conventional preparation technique After 28 days, the conventional installed 
implants became statistically significant better in BIC ratio In addition, the extent of 
direct bone/implant contact was enhanced in conventionally prepared implant sites 
(Buchter et al 2005) Also, Nkenke ef al (2002) did an animal study to the effect of 
the osteotome technique They inserted titanium plasma-spray coated step-designed 
implants placed in the femoral condyle of rabbits At two and four weeks, BIC was 
significantly better for the osteotome technique However, after eight weeks the BIC 
ratio was no longer statistically significant between osteotome technique and 
conventional implant placement Besides, qualitative fluorescence microscopy 
showed an earlier and stronger signal for the osteotome technique than the control 
group An explanation for this discrepancy in clinical and animal results can be the 
used implant type, because it is known that the mterfacial shear stress, ι e the 
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resistance to loading and initial fixation, is influenced by both implant design and 
implant surface characteristics, like the implant surface roughness 
Consequently, the purpose of the present study was to evaluate histologically the 
bone response to implants provided with two different surface topographies and 
installed with three different surgical approaches 
Materials and methods 
Implant 
Forty eight commercially available comcally-shaped screw designed oral implants 
(Biocomp® Industries, Vught, The Netherlands) were used All implants were made of 
commercially pure titanium and measured 10 mm in length and had a diameter of 4 6 
mm 
The implants were divided into two groups with each a different surface topography, 
ι e turned (machined) and roughened (by grit-blasting and additional acid etching) 
A Universal Surface Tester (UST® Wurzburg, Germany) was used to characterize 
the different surface topographies UST equipment enables objective statements 
about e g 3D evaluation of material surface topography The UST unit allows 
characterization of flat as well as structured surfaces The equipment includes a 
diamond stylus, consisting of a 60° cone, which is moved across a surface with a 
load of 10Nm The traverse range in the x-direction is 50 mm and in the y-direction 
25 mm Three screws of each surface modification group were selected at random 
and measured 
Animal model and implantation procedure 
Eight healthy mature (2-4 years of age) female Saanen goats, weighing about 60 kg 
were used in this study National guidelines for the care and use of laboratory 
animals were observed 
The operation was performed under general anesthesia To reduce the risk of pen-
operative infection, the goats were treated according to the following doses of 
antibiotics during the operation Albipen® (Intervet BV, Boxmeer, The Netherlands) 
15 %, 3 ml/50 kg s c , one and three day after the operation Albipen® LA, 7 5 ml/50 
kg sc 
All implants were placed into the trabecular bone of the femoral condyles A 
longitudinal incision was made on the medial surface of the left and right femur and 
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the femoral condyles were exposed Subsequently, three holes were drilled m the 
femoral condyle The distance between the femoral holes was at least 1 cm The 
bone preparations were performed with a gentle surgical technique, using low 
rotational drill speeds (max 800 rpm) and continuous internal cooling Each femoral 
condyle had three implant sites, resulting in six implants in each goat 
For the installation of the femoral implants three different surgical approaches were 
used 
1 In approach 1, a press fit technique was followed After exposure of the 
condyle, a hole was drilled with a consecutive series of drills to a final 
diameter of 4 6 mm 
2 In approach 2, an undersized preparation procedure was done The final drill 
as used in the procedure had a diameter of 4 mm 
3 In approach 3, a pilot hole was drilled with a drill of 2 55 mm in diameter 
Then, a series of consecutive osteotomes (spreaders) were used to enlarge 
the diameter of the pilot hole to a diameter of 4 6 mm (osteotome diameters 
were 3 4, 4 0, and 4 6 mm) Each osteotome or spreader was left m place for 
one minute 
All implants were inserted manually After placement of the implants, the soft tissues 
were closed Evaluation of the bone fixation was planned after an implantation period 
of 12 weeks At the end of the implantation period the goats were killed by an 
overdose of Nembutal® (Apharmo, Arnhem, The Netherlands) 
Histological procedures 
After sacrificing the animals, the femoral condyles were excised and excess tissue 
was removed Then, using a diamond saw, the retrieved condyles were divided in 
smaller specimens, suitable for histological processing Each specimen was 
containing one implant site with surrounding bone Subsequently, the specimens 
were fixed m formaldehyde 4%, dehydrated in ethanol and embedded in 
methylmethacrylate (MMA) After polymerization m MMA thin (10 μηι) non-decalcified 
sections were prepared with a modified diamond blade sawing microtome technique 
These sections were made perpendicularly on the longitudinal axis of the implant 
The sections were stained with methylene blue/basic fuchsine and examined with a 
light microscope (Leica Qwm Pro, Wetzlar, Germany) 
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Histological and histomorphometical analysis 
All sections were evaluated on basis of a thorough histological description and 
histomorphometncal measurements Bone contact percentages and amount of bone 
mass around the implant was quantified. 
All quantitative measurements were performed for three randomly chosen sections of 
implant 
The presented data are the average of three measurements. 
A Percentage of bone implant contact 
The amount of mterfacial bone contact was measured starting at the top of the 
flat middle part of the implant till the last apical screw-thread. Measurements 
were done both at the right and left side of the implants (Figure 1) 
Β Bone mass around the implants 
The bone mass in rectangular regions along the implant was determined. 
Three region of interest (ROI), ι e. ROI 500, ROI 1000 and ROI 1500, were 
marked (Figure 1) Each ROI had a width of 0.5 mm and a length of 2 mm, 
resulting in total area of 1mm2 The bone mass was quantified in μηι2 105 
Statistical analysis 
Mean values and standard deviation (SD) were calculated. One-way analysis of 
Variance (ANOVA) with a Tukey test was used for comparing the differences 
between groups. Differences were considered as significant when ρ < 0 05. All 
calculations were done with GraphPad® Infant 3 05 software (GraphPad Software 
Ine, San Diego, CA, USA) 
Results 
Surface topography characterization 
Surface topographic evaluation demonstrated that both experimental surfaces 
differed in surface roughness (Table 1). The machined surface showed an average 
surface roughness (Ra = 0 45 μπι), which was significantly lower than the "blasted, 
etched" surface (Ra = 1.47 μπι) The values for the parameter RSK showed that the 
two surfaces had a positively skewed surface; the surfaces consisted of more peaks 
than valleys. Although, the data appeared to indicate that the "blasted, etched" 
implants had a higher Rsk mean value, statistical testing revealed that the difference 
was not significant (Table 1 ) 
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Figure 1 The implant with indication of the histomorphometncal evaluation 
parameters: (A) % bone contact; (B) amount of bone in three regions of interest 
(ROI), ROI 500 (1), ROI 1000 (2) and ROI 1500 (3). 
Table 1 The mean ± SD value of surface roughness parameters 
Ra 
Rq 
Rsk 
Machined 
0.45 ± 0.32 
0.29 ±0.1 
0.08 ±0.35 
"Blasted, etched" 
1.47 ±0.54 
1.82 ±0.68 
0.29 ±0.35 
ρ value 
ρ < 0.05 
ρ < 0.01 
p > 0.05 
Amplitude parameters (Wennerberg) 
Ra - the arithmetic mean of the absolute values of the surface departures from a 
mean plane within the sampling area. It is measured in micrometers. 
Rq - the root mean square value of the surface departures within the sample area. It 
has the statistical signification as the standard deviation of the height distribution. 
Rsk - the measure of the symmetry of surface deviations about the mean plane. A 
negatively skewed surface has more valleys than peaks. 
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Experimental animals 
During the experimental periods, two goats had to be sacrificed one due to broken 
leg and the other goat maintained difficulty in walking after surgery The rest of the 
animals remained m good health As a consequence, 36 implants (n = 6 for each 
implant type and surgical approach) were used for the histological and 
histomorphometrical evaluation No clinical signs of inflammation or adverse tissue 
reaction were observed around the remaining implants 
Histology 
The light microscopical evaluation of the implants showed generally an uneventful 
healing of all implants There were no signs of inflammation All implants were 
inserted for their major part in trabecular bone Regularly, contact could be observed 
between new-formed bone and the implant surface Frequently, also some 
intervening fibrous or marrow tissue was present at the interface 
"Blasted, etched" implants, press-fit technique: An intimate contact between the 
implant and surrounding cortical and trabecular bone could be observed In the area, 
directly adjacent to the implant, new bone formation had occurred on the implant 
surface without any intervening soft tissue layer In this area, also remodeling 
lacunes with osteoblasts were visible Next to the implant, no accumulations of 
inflammatory cells were seen At the cortical side, the screw threads were almost 
completely filled with dense bone New bone formation was also observed at the 
apical part of the implants Most of the screw-threads were completely covered with 
bone This bone was in close contact with the implant surface without any sign of 
fibrous tissue formation or inflammatory reaction (Figure 2) 
"Blasted, etched" implants, undersized technique: Bone apposition and bone 
remodeling lacunae with marrow cells in contact with the implant surface could be 
observed Ingrowth of newly formed lamellar bone into the screw threads was also 
observed However, in contrast with etched implants inserted according the press-fit 
technique, the ingrowth of the bone appeared to be more proceeded (Figure 3) 
"Blasted, etched" implants, osteotome technique: The healing process of both 
cortical and trabecular bone was almost identical to the etched implants inserted with 
the press fit technique Again trabecular bone ingrowth into the screw threads 
seemed to be less abundant compared with etched implants inserted by under-sized 
or press-fit technique 
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Machined implants, press-fit technique: Frequently, the bone contact was still 
limited to the top of the screw threads On the other hand, the sections revealed 
clearly that the regeneration of bone started from the top of the screw thread and was 
conducted from this point over the implant surface into the screw thread 
Machined implants, undersized technique: The cortical bone response was very 
similar to the undersized inserted, etched implants However, the trabecular bone 
ingrowth into the screw threads of this implants appeared to be less pronounced than 
for etched implants inserted with the undersized technique (Figure 4) 
Machined implants, osteotome technique: These implants showed at the cortical 
side a similar bone formation compared with etched "undersized" implants Further, 
in the trabecular bone compartment, also abundant dense mature bone was closely 
laid down to the implant surface without intervening fibrous tissue interface (Figure 
5) 
Histomorphometrical evaluation 
Percentage of bone contact 
All the bone apposition data for the various implant surfaces are given in Table 2 
Although the data suggested that the "blasted, etched" implants inserted by the 
undersized approach showed a higher bone contact percentage than the other 
groups, statistical testing of the findings using an one-way analysis of variance 
(ANOVA) and a Tukey multiple comparison procedure revealed that no significant 
differences (P <0 05) in bone contact existed between the various surgical 
techniques and different surfaces 
Bone amount 
The results regarding the bone amount measurements are given in Table 3 
Statistical testing (analysis of variance and Tukey multiple comparison) was focused 
on the possible existence of a difference in amount of bone mass between the 
different implant and surgical approaches The analysis revealed that no statistical 
significant differences existed between the various groups (P <0 05) 
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Figure 2 Light photograph of an "blasted, etched", press-fit implant. Bone 
ingrowth into the screw threads can be observed. In between, bone contact sites 
alternating fibrous tissue as well as remodelling lacunes can be recognized. Original 
magnification χ 10, bar = "ΙΟΟμιτι. 
Figure 3 Light micrograph of an "blasted, etched" undersized implant. Close bone 
contact can be observed for this type of implant both around the threaded and flat 
part of the implant. (A) Original magnification χ 10, bar = ΙΟΟμπι; (Β) χ 10, bar = 
ΙΟΟμιη. 
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Figure 4 Light microscopical section of a machined, undersized implant, 
demonstrating bone deposition on the flat as well as threaded implant surface (A) 
Original magnification χ 2 5, bar = 400pm, (Β) χ 10, bar = "ΙΟΟμιτι 
Figure 5 Histological picture of a machined, osteotome implant The bone around 
the implant shows a trabecular structure The screw threads at the cortical level are 
almost completely filled with dense bone Original magnification χ 1 6, bar = 625μΓη 
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Table 2 Bone-implant contact percentages as measured along the flat surface and 
apical threads on the left and the right side of the implant. 
Implant/technique 
Machined/press-fit 
Machined/under-size 
Machined/osteotome 
"Blasted, etched'Vpress-fit 
"Blasted, etched'Vunder-size 
"Blasted, etched'Vosteotome 
Mean % bone contact ± SD 
20 ± 1 1 
24 ± 1 1 
30 ± 1 3 
28 ± 1 2 
38 ± 9 
22 ± 8 
Table 3 Measured amount of bone in μΓη2.105± SD. 
Implant/technnique 
Machined/press-fit 
Machined/undersized 
Machined/osteotome 
"Blasted, etched'Vpress-fit 
"Blasted, 
etched'Vundersized 
"Blasted, 
etched'Vosteotome 
ROI 500 
5 ± 1 
6 ± 1 
5 ± 1 
5 ± 1 
5 ± 1 
5 ± 1 
ROI 1000 
4 ± 1 
5 ± 1 
5 ± 1 
6 ± 2 
6 ± 2 
5 ± 2 
ROI 1500 
4 ± 1 
4 ± 1 
5 ± 1 
5 ± 1 
5 ± 1 
5 ± 2 
Discussion 
The aim of the present study was to investigate the combined effect of implant 
surface roughness and surgical technique on bone healing. 
Evaluation of our histomorphometrical data suggests that "blasted, etched" implants 
inserted by an undersized approach show increased bone implant contact compared 
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with the other implants Unfortunately, statistical testing revealed that no significant 
differences in bone implant contact and bone mass existed between the various 
experimental groups Nevertheless, the tendency as observed corroborates with two 
of our earlier performed studies Firstly, in an in vitro study (Shalabi et al, 2006a) 
"blasted, etched" implants inserted by the undersized technique required the highest 
removal torque value to unscrew the implants directly after their installation 
Secondly, in a similar designed study as the present study, the mechanical fixation of 
the implants was tested by torque testing after 12 weeks of implantation (Shalabi et 
al, 2006b) Comparison of the obtained results shows that the highest removal 
torque values were obtained for "blasted, etched" undersized inserted implants which 
show now the best bone response 
Basically, the difference between the undersized and osteotome technique is the 
degree of bone compression Although, both methods result in bone compression 
around the implant, the compression with the osteotome technique is higher because 
of force-fitting stresses, which arise when an implant is placed into an implant bed of 
smaller diameter (Skalak and Zarb 2000a) It has to be noticed that substantial 
stresses can already be generated when the diameter of the implant is only 100 
microns smaller than the hole m the bone The current failure of the osteotome 
technique to show the best result can be attributed to a higher stress on the bone 
surrounding the implant bed in combination with the relatively high density of the 
trabecular bone of the femoral condyles compared with the undersized installed 
implants This explains also the discrepancy between clinical and experimental 
results, since there is a clear difference m density between animal and human bone 
Further, our results are in agreement with other animal studies, which also evaluated 
bone healing around different implant surfaces For example, Gnzon et al (2002) 
inserted implants with a rough and smooth surface in the femoral bone of sheep At 3 
and 6 months after implantation, no difference in bone contact and bone volume was 
observed between the two types of implants, while at 12 and 18 months only a 
tendency existed for higher values around the rough implants Also, Gotfredsen et al 
(1992) found no significant difference in direct bone-to-implant contact between T1O2-
blasted implants and machined implants They installed the implants immediately m 
extraction sockets m the mandible of dogs and left them in place for 12 weeks 
Despite the lack of increased bone contact, the TiCVblasted implants required a 
higher removal torque to be unscrewed out of the bone 
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In contrast, it has to be noticed that there are also several investigators who 
demonstrated that variation in implant surface roughness results m both a different 
histological and mechanical bone response, like Novaes et al (2002) who compared 
4 different types of implant surfaces, smooth (machined), titanium plasma spray 
coated (TPS), hydroxyapatite coated (HA), and sandblasted with soluble particles 
(SBM) The SBM-treated surface provided a significantly greater bone-implant 
contact than a machined surface after 90 days of implantation Also, Wennerberg et 
al (1997) found m rabbit model that one year after installation screw shaped rough 
implants had a significant firmer bone fixation and percentage of bone-to-implant 
contact than the machined implants In another study, this effect of surface 
roughness was observed to occur already after 12 weeks of implantation 
(Wennerberg ef al 1996) 
In view of the above mentioned, some comments have to be made about the used 
animal model The goat model for the evaluation of bone-implant behavior has 
already been used m our laboratory for about 16 years In the various studies a lot of 
different implant designs and implant materials (differing in surface chemical 
composition as well as surface microgeometry) have been tested A permanent 
parameter in the final histomorphometncal analysis of the bone-implant response 
was the bone-to-implant contact percentage Further, titanium implants with a similar 
roughness as used in the current study were included in all studies as reference 
material Surprisingly, comparison of the available "reference" data shows that the 
bone contact percentages differ significantly between the various separate studies 
and range from 15-57% An explanation for this observation, which is supported by 
the bone contact data of the present study, can be the used implant design as well as 
surgical technique The highest values were obtained with cylindrical- and screw-
shaped implants inserted with an undersized approach, 57% and 49% respectively 
(Cauher ef al 1995, Vercaigne et al 2000) and the lowest values with rectangular-
and screw-shaped implants inserted in a press-fit approach, 15% and 22% 
respectively (Vercaigne et al 1998, Hulshoff ef al 1997) In addition, it has to be 
noticed that (1) the implant design of the Hulshoff ef al (1997) study was similar to 
the implant design as used in the current study, and (2) the bone contact data 
corroborate very well with those of the rough, press-fit inserted implants in the current 
study ( 22% vs 28%) 
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Finally, a remark has to be made about the lack of statistical significance Although, 
the data suggested that the etched, undersized installed implants performed better m 
terms of bone response, the observed difference was found to be not significant To 
determine statistical differences in biological performance, adequate observation 
periods and appropriate numbers of implant samples must be used Considering the 
observation time, we decided to evaluate the bone response after 12 weeks of 
implantation, because bone healing in goats is then completed For the calculation of 
the required sample size in an experiment, many formulas are presented in the 
literature (Pocock, 1983, Schlesselman, 1982) The choice for the best formula 
depends on both the chosen experimental design and the "measurement level" of the 
observations Important parameters in these formulas are (1) dispersion of the 
observations in any population of implant system (σ), and (2) threshold of relevance 
(δ) (Pocock 1983, Simes 1986) The choice for σ and δ is not simple in practice 
(Jansen and van't Hof, 1994) The value of σ has to be taken from the literature or 
from previous experiences in comparable experiments Previous studies learned that 
σ = 15-20% The value of δ cannot be assessed on statistical grounds, a pilot study 
to estimate δ is impossible "Relevance" is not dictated by outcome, but purely by the 
objectives of the experimental project Evidently, δ was not set appropriately resulting 
in insufficient power Nevertheless, it has to be emphasized that another order of 
magnitude for δ results in unrealistic group sizes of about 50-80 implants 
Consequently, the performance of experimental animal studies requires entering into 
a compromise taking into account that perhaps the combination of various animal 
studies (meta-analysis) can offer a solution 
Conclusion 
Supported by our findings, we conclude that implants provided with a "blasted, 
etched" surface and installed in trabecular bone using an undersized preparation 
technique appear to support an enhanced bone-implant contact The use of an 
osteotome technique did not lead to improved results 
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Bone response to titanium coated polymethyl 
methacrylate resin (PMMA) implants inserted into 
the tibia of goats 
Chapter 7 
Abstract 
Objective: The aim of the current study was to investigate bone behavior to titanium 
coated polymethylmethacrylate (PMMA) implants by micro-CT and histological 
evaluation 
Materials and Methods: For the experiment titanium coated PMMA implants were 
used The implants had a machined threaded appearance and were provided with a 
400-500 nm thick titanium coating The implants were inserted in the right or left tibia 
of 10 goats After an implantation period of 12 weeks the implants were retrieved and 
prepared for micro-computer tomography (μΟΤ), light microscopy, and X-ray 
microanalysis 
Results: The micro-CT showed that the screw-threads and typical implant 
configuration were well maintained through the installation procedure Overall, 
histological responses showed that the titanium-coated implants were well tolerated 
and caused no atypical tissue response In addition, the bone was seen in direct 
contact with the titanium-coated layer The X-ray microanalysis results confirmed the 
light microscopical data 
Conclusion: In conclusion, the obtained results prove the final use of titanium-
coated PMMA implants for evaluation of the bone-implant response using pCT 
However, this study also confirms that for a proper analysis of the bone-implant 
interface the additional use of microscopical techniques is still required 
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Introduction 
A successful oral implant is characterized by the occurrence of a direct contact 
between the surrounding bone and implant surface Qualitative and quantitative 
evaluation of the pen-implant tissues around retrieved implants is classically done by 
means of light microscopy to confirm this required bone response Different 
techniques are available to prepare histological sections as well as different staining 
procedures can be used to obtain information about the specific cellular and tissue 
response However, a disadvantage of histological evaluation is that it provides only 
two-dimensional information High-resolution three-dimensional data of 
configurations with a multifaceted structural design, like oral implants, can be 
obtained by using microfocus computer tomography (pCT) (Oosterwyck ef al 2000) 
Analysis of the bone response around titanium implants by μΟΤ has been found to be 
highly reliable for determining bone mass and bone density parameters For 
example, m a recently published study, 89% matching in bone area measurements 
was observed comparing μΟΤ slices with light microscopical sections (Stoppie ef al 
2005) On the other hand, metallic implants cause so-called streaking artifacts due to 
scattering of X-rays, which prevents an accurate evaluation of the mterfacial bone-to-
implant contact (Bernhardt et al 2004, Park et al 2005 ) Although, the placement of 
an aluminum filter between detector and specimens can suppress this phenomenon, 
it cannot be completely avoided (Stoppie ef al 2005) A better solution for this 
problem is the use of synchrotron radiation microtomography (5ΚμΟΤ) Due to the 
microenergitic X-rays as used in this techniques, scattering can be evaded, which 
results in a higher sensitivity of bone detection near the implant surface and allows 
the quantification of the direct bone response (Bernhardt ef al 2005) Unfortunately, 
SF^CT is not easy accessible and the procedure is also very time consuming 
In view of the above mentioned, it has been suggested that the use of thin titanium 
coatings deposited on polymeric implants can offer an alternative option for analyzing 
bone-implant contact using μCT-ιmagιng (Stoppie ef al 2005) In the past, titanium-
coated polymeric implants were already successfully used for transmission electron 
microscopic analysis of the cell and tissue response (Albrektsson ef al 1982 and 
Jansen ef al 1985) and ultrastructural study of epithelial cell attachment to implant 
materials (Jansen ef al 1985 and Chehroudi ef al 1991 ) 
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Consequently, the aim of the current study is to investigate the bone behavior by pCT 
and light microscopy using titanium-coated PMMA implants 
Materials and methods 
Implants 
Ten conically-shaped screw designed PMMA implants were used All implants 
measured 10 mm m length and had a diameter of 4 6 mm The implants were copied 
and prepared with a lathe out of PMMA rod completely analog to metallic implants 
(Biocomp® Industries, Vught, The Netherlands) Subsequently, all ten implants were 
coated with a 400-500 nm thick layer of titanium (Τι) (Figure 1) The Τι layer was 
deposited using a radio frequency magnetron-sputtering unit (Edwards ESM 100) 
During the sputtering process, a commercially pure Τι target was used Pressure was 
kept at 5 0 χ 10"3 mbar using argon gas, and the power level was set at 200 W The 
Τι target was sputter cleaned before deposition The target was considered clean 
when the plasma turned from pink to blue, resulting from blue light emitting Τι in the 
plasma The PMMA implants were sputtered for 30 mm Finally, they were 
autoclaved for 15 mm at a temperature of 121° C before use in the experimental 
animal study 
Figure 1 Macroscopic pictures of a non-coated PMMA implant (A) titanium-coated 
PMMA implant (B) The titanium coating has a shiny, gray-black appearance 
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Animal model and implantation procedure 
Ten healthy mature (2-4 years of age) female Saanen goats, weighing about 60 kg 
were used m this study Before surgery blood samples of the goats were taken to 
ensure that the animals were Caprine Arthritis-Encephalitis (CAE/CL) free The 
animals were housed in a stable National guidelines for the care and use of 
laboratory animals were observed 
The operation was performed under general anesthesia and was induced by an 
intravenous injection of pentobarbital and maintained by ethrane 2-3% through a 
constant volume ventilator, administered through an endo-tracheal tube The goats 
were connected to a heart monitor To reduce the risk of pen-operative infection, the 
goats were treated according to the following doses of antibiotics during the 
operation Albipen® 15 %, 3 ml/50 kg s c, one and three day after the operation 
Albipen® LA, 7 5 ml/50 kg s c 
All implants were placed into the tibia of the right or left hind limbs of the goats 
Therefore, the animals were immobilized on their back and the hind limbs were 
shaved, washed and disinfected with povidone-iodme Then, a longitudinal incision 
was made on the tibia of the left or right side and the bone were exposed 
Subsequently, a hole was drilled in the tibia with a consecutive series of drills to a 
final diameter of 4 6 mm The bone preparation was performed with a gentle surgical 
technique, using low rotational drill speeds (max 800 rpm) and continuous internal 
cooling After preparation, the hole was irrigated and then packed with sterile cotton 
gauze to stop bleeding Thereafter, the implant was inserted press-fit into the hole 
Only one implant was inserted in each goat 
After placement of the implant, the soft tissues were closed m separate layers using 
resorbable Vicryl 3-0 sutures Evaluation of the bone fixation was planned at an 
implantation period of 12 weeks At the end of the implantation period the goats were 
killed by an overdose of Nembutal* and the implants with surrounding tissue retrieved 
for histological evaluation and μΟΤ analysis 
MicroCT evaluation 
Implants were made of PMMA in order to allow the use of microCT Earlier studies 
have already shown that microCT cannot be used to evaluate the bone response in 
close proximity of full metallic or full ceramic implants Scattering occurs at the 
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implant surface, which excludes proper evaluation This problem can be avoided by 
making use of polymeric implants (feasibility has been confirmed m previous studies) 
For microCT evaluation a 3D analysis of bone formation was done 
After sacrificing the animals, the tibia including the implants were harvested 
immediately and fixed in formaldehyde 4% and dehydrated m ethanol Subsequently, 
the specimens were wrapped in Parafilm® to prevent drying during scanning and 
placed m the middle of a cylindrical sample holder Then, high-resolution scanning 
with a pixel size of 18 70 pm was performed at energy of 100kV and intensity of 98 
μΑ (SkyScan-1072, Skyscan n v , Aartselaar, Belgium) Cone beam reconstruction 
(version 2 15, Skyscan®) was performed on the 452 projected files The number of 
cross-sections was set to cover the entire length of the implant The micro-CT 3D-
Creator software was used to make a 3D-reconstruction from the obtained stack of 
reconstructed files 
Histological procedures 
Subsequent to pCT-scannmg, the specimens were cut to smaller size suitable for 
histological processing Each specimen was containing one implant site with 
surrounding bone The specimens were then dehydrated in increasing ethanol 
concentrations and embedded (non-decalcified) m methyl methacrylate (MMA) for 4 
weeks (Figure 2) After polymerization in MMA thin (10 μίτι) non-decalcified sections 
were prepared with a modified diamond blade sawing microtome technique These 
sections were made perpendicularly on the longitudinal axis of the implant The 
sections were stained with methylene blue/basic fuchsm and examined with a light 
microscope 
X-ray microanalysis 
Following histological sectioning, the surface of the remaining part of the tissue block 
was polished with 4000 grit silicon carbide sandpaper Subsequently, the blocks were 
cleaned with 70% alcohol and carbon coated Specimens were examined by 
scanning electron microscope (XL30 ESEM FEG, Philips, Eindhoven, the 
Netherlands) in backscatter mode at 20 kV, with an attached X-ray microanalysis 
system (EDAX with software, EDAX BV, Tilburg, the Netherlands) 
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Figure 2 Photograph of a tissue block after histological preparation, i.e. embedding 
in MMA. The implant part that has protruded in the medullar cavity is visible and 
confirms the maintenance of the coating during the installation process and 12 week 
implantation time. 
Results 
During the experimental periods, all animals appeared to be in good health 
throughout the test periods. At sacrifice, no clinical signs of inflammation or adverse 
reaction were observed around the implants. 
MicroCT evaluation 
The 3-D reconstructed representations showed clearly the implants surrounded by 
cortical bone. Overall, the screw-threads and typical implant configuration were well 
maintained through the installation procedure. No streaking artifacts were present. 
The bone was found to be grown into the screw-threads and bone conduction into 
the marrow cavity was seen (Figure 3). Evidently, the titanium coating was not thick 
enough to allow visualization of the implant part that was positioned into the medullar 
cavity. 
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Figure 3 Micro-computer tomography pictures showing the bone appearance after 
installation of the PMMA coated implant by a press-fit approach. (A) The implant 
penetrated into the medullar cavity and ingrowth of bone at the endosteal side can be 
observed. (B) The screw-threads as well as the smooth implant surface can be 
recognized. 
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Histological description 
A short embedding procedure prevented serious distortion of the bulk of the PMMA 
implants due to the required use of organic solvents. 
The histological evaluation demonstrated that the titanium-coated implants were well 
tolerated by the tissues. In the cortical compartment of the tibia, bone was observed 
in close contact with the titanium layer, which could easily be recognized and 
appeared to cover the implant surface for almost 100% (Figure 4). The bone-titanium 
coating contact was almost continuous (Figure 5A) and only occasionally remodeling 
lacunas (Figure 5B) or an intervening fibrous tissue layer were seen. When fibrous 
tissue was present in the interface, this could frequently be associated with a lacking 
titanium coating (Figure 6). The bone around the implants showed a very organized 
structure in which osteons could be recognized. At the crestal side, the implants were 
always covered by newly deposited bone. At the apical side the implants penetrated 
Figure 4 Histological picture of a titanium coated PMMA implant. The implant is 
surrounded by bone tissue in close contact with the titanium coating, which is visible 
as a thin black line of the outer surface of the implant. Magnification xl.6, bar= 
625μίη. 
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Figure 5 Histological section of titanium-coated implant showing clearly the titanium 
layer. (A) which was covered almost completely by bone, and (B) occasionally 
remodeling lacunas were present. Original magnification x10, bar= ΙΟΟμπι. 
Figure 6 In areas where the coating was lacking, the implant surface was 
surrounded by fibrous tissue (black layer). Magnification x20, bar= 50μΓΠ. 
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Figure 7 The part of the implant that penetrated into the medullar cavity did not 
evoke any sign of an inflammatory response. Original magnification x10, bar= 
ΙΟΟμΠΊ. 
into the medullar cavity. Ingrowth of bone along the implant surface and into the 
medullar cavity had occurred. In the bone marrow, no sign of an inflammatory 
response indicating a foreign body reaction was seen (Figure 7). 
X-ray microanalysis 
Backscatter electron microscopy confirmed the light microscopical data. The PMMA 
material of the implant could be recognized as well as the titanium coating that 
covered the implant surface. Bone was seen in close contact with the major part of 
the implant surface. Figure 8A shows a cross-section where bone is not in direct 
contact with the titanium coating. Figures 8B-E_show a mapping of the PMMA 
implant-bone interface with regard to the presence of titanium, calcium, phosphorus, 
and carbon. The presence of calcium and phosphorus indicates the presence of 
bone and carbon indicates the coating as deposited onto the tissue block as required 
for backscatter electron microscopy. An integral mapping, as depicted in Figure 8F, 
verifies that a gap existed between implant and bone, which indicates the presence 
of fibrous tissue. 
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Figure 8 Back scatter image and X-ray microanalytical mapping of a titanium coated 
PMMA implants. (A) The implant with the titanium coating (white line) can be 
recognized. Bone surrounds the implant. Mapping for titanium (B), calcium (C), 
phosphorus (D), and carbon (E). (F) An integral image in which all different mappings 
are combined shows the presence of a bone-free zone at the implant interface. 
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Discussion 
The aim of the present study was to determine whether the use of titanium coated 
polymeric implants allows an accurate examination of the bone implant interface μΟΤ 
analysis The obtained data were compared with light microscopical and scanning 
electron microscopical (elemental mapping) data 
Comparison of all results confirms that indeed the use of thin titanium coatings 
provides an alternative approach to prevent the occurrence of streaking artifacts and 
blurring of the implant surface as associated with bulk titanium implants On the other 
hand, it has to be noticed that the resolution of pCT-images is still significantly less 
compared with both used microscopical techniques, which excludes evaluation at the 
cellular level In view of this, additional visualization approaches are still needed for a 
proper complete study of the bone-implant response 
Previous studies already confirmed that the composition of thin magnetron sputtered 
Ti-coatmgs is very similar to the surface composition of bulk titanium implants 
(Walboomers ef al 2004) Rutherford backscattenng spectroscopy and X-ray 
photoelectron spectroscopy indicated that sputtered Ti-coatmgs consist of titanium 
and oxygen in amounts of 1 1 Also, the adhesion property of this type of coating is 
sufficient to withstand continuous stretching at a frequency of 1Hz and a magnitude 
of 1000 μ strain 
The overall bone response to titanium coatings is further very similar to other studies 
with Ti-coated polymeric implants For example, Albrektsson et al (1982) used 
cylindrical, non-threaded polycarbonate plastic implants coated with titanium or gold, 
which were inserted for 12 weeks into the tibia of rabbits The thickness of coating 
was 200-300 nm Using transmission electron microscopy, the bone surrounding the 
titanium-covered plastic core was shown to possess "normal" ultrastructural 
characteristics At the titanium interface, the last 2 or 3 lamellae of bone became 
arranged parallel to the surface of the central plastic plug and not concentrically as in 
Haversian systems The mineralization was reduced close to the interface (0 1-0 5 
μπι from the metal border) and the collagen bundles became replaced by filaments, 
randomly arranged close to the interface The last 20-40 nm from the titanium 
surface lacked distinct collagen filaments This zone was observed to consist of 
partly calcified amorphous ground substance and partly proteoglycans and 
glucoseammoglycans No fibrous tissue was interposed between the bone and 
titanium surface These results were confirmed in several follow-up studies of the 
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same group, where titanium coated implants were compared with zirconium 
(Albrektsson et al 1985) and stainless steel coatings (Albrektsson & Hansson 1986) 
Considering the intervening fibrous tissue layer in areas where the coating is lacking, 
our findings corroborates with a previous study of Ooms ef al (2003) They injected 
PMMA bone cement into cortical bone defects as made into the tibia of goats After 2 
weeks of implantation, fibrous tissue formation was observed at the bone-PMMA 
interface, which was still present after 12 weeks of implantation It has to be 
emphasized that the fibrous tissue response around this injected PMMA material was 
more enhanced compared to our exposed PMMA surface Probably, this is due to the 
manufacturing process of our implants The current implants were machined with a 
lathe out of pre-polymenzed PMMA rods, while m the Ooms study the PMMA 
implants had to polymerize in situ, which results m prolonged release of cytotoxic 
monomer This explanation is supported by other studies (Schaffer 1999, Liu 2000, 
Fini 2002, Aho 2004), who all used pre-polymenzed implants, which evoked a 
moderate non-compatible bone response characterized by the occurrence of reduced 
bone contact and a thin separating fibrous tissue layer 
In our experiment, a conventional press-fit surgical technique was used for the 
installation of the implants Occasionally, we experienced that increased force was 
required to get the implants in the proper position This might be the reason for the 
locally observed absence of the Ti-coatmg Apparently, the tibial cortex of a goat is 
not the most optimal location for Ti-coated PMMA implants and low density 
trabecular bone, like as present in the femoral condyle or maxilla, has to be 
preferred 
Various microscopical techniques can be used to study the tissue reaction to 
implants, including light microscopy, scanning electron microscopy, transmission 
electron microcopy and confocal laser scanning microscopy All these techniques 
provide information at the cellular level, but do not provide information about the 
elemental composition X-ray mapping is a technique that exists already for more 
than 40 years whereby an image is formed using an X-ray signal in order to illustrate 
the elemental distribution within a tissue sample (Sigee ef al 1993) Under certain 
conditions, X-ray microanalysis is of special value in studies dealing with bone 
apposition on implants Unfortunately, during the last 10 years the interest and 
importance of this technique for biomatenals research has somewhat faded away 
However, the results as obtained in the current study prove again that scanning 
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electron microscopy in combination with X-ray microanalysis is very valuable to prove 
the interfacial composition, i.e. the presence of bone. 
In conclusion, the obtained results proof the final use of titanium coated PMMA 
implants for evaluation of the bone-implant response using μΟΤ. However, this study 
also confirms that for a proper analysis of the bone-implant interface the additional 
use of microscopical techniques is still required. 
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Summary, general conclusions and future perspectives 
The currently available experimental data do not provide a clear answer on the final 
value of surgical technique for oral implant fixation. Therefore, it was the aim of the 
studies presented in this thesis to investigate the effect of the used implant 
installation technique in relation to implant surface roughness on the final bone 
fixation. For this purpose, the following questions were addressed: 
1. Does a higher implant surface roughness lead to a higher bone-to-implant 
contact? 
2. Is a higher implant surface roughness result in a higher implant torque 
resistance? 
3. Is surgical technique one of the major parameters for the final implant-bone 
behavior and perhaps more important than implant surface parameters, like 
roughness and composition? 
4. Can a particular surgical technique increase the survival rate of implants? 
5. What are the affects of the used surgical technique on the final implant fixation 
and bone behavior? 
Summary 
To get insight in the present evidence regarding implant surface roughness, a 
systematic review was performed on studies investigating implant surface roughness 
effects on bone response and implant fixation (Chapter 2). Over 5900 abstracts on 
dental implant research were found in the MEDLINE. Subsequently, after application 
of inclusion/exclusion criteria, 470, 23, and 14 were articles included in the first, 
second and third selection steps, respectively. Almost all papers showed an 
enhanced bone-to-implant contact with increasing surface roughness. Also, a 
significant relation was found between push-out strength and surface roughness. 
Unfortunately, the eventually selected studies were too heterogeneous for inference 
of data. However, based on the primary studies it was concluded that the available 
data provided supportive evidence for a positive relationship between bone-to-
implant contact and surface roughness. 
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Subsequently, in Chapter 3, using an in vitro model, the effects of implant surface 
roughness and surgical technique on implant fixation were investigated For this 
purpose, conical-shaped implants with machined or etched surface topography were 
implanted into the explanted femoral condyle of goats The implant sites were 
prepared either by a conventional technique, by undersized preparation, or by the 
osteotome technique Peak insertion & removal torque, bone-to-implant contacts and 
morphological bone appearance were assessed by scanning electron microscope 
and micro-computer tomography We found that insertion and removal torque values 
were significantly higher for etched implants inserted with the undersized technique 
(115 2 +/- 31 1, 102 9 +/- 36 4 Ν cm) respectively Further, the average bone-to-
implant contact value was higher for the etched implants placed with the undersized 
technique (87 5 +/- 5 6), which was statistically significant compared with machined 
and etched implants inserted by conventional technique From this experiment, we 
conclude that the surgical technique has a decisive effect on implant fixation m 
trabecular bone 
The systematic review presented in chapter 4 was done to estimate the survival rate 
of implants inserted with osteotome technique The literature was searched using 
MEDLINE from 1953 to 2005 The literature search revealed 164 hits The inclusion 
criteria were clinical studies or clinical reports investigating the osteotome technique 
for dental implantation and control or test group(s) from clinical studies or clinical 
reports After the first selection step, 13 articles remained while151 were excluded 
Inclusion criteria m the second step were clinical studies or clinical reports using 
"osteotome technique" with dental implants and osteotome technique as used for 
implant site preparation with or without sinus floor elevation The second step 
revealed five papers fulfilling the inclusion criteria By pooling the data of the included 
studies, overall Kaplan-Meier survival curves were constructed for the periods before 
loading and after loading The combined data of 349 implants revealed survival 
probabilities of 98% (CI 97 2% -100%) until loading and 99% (CI 94% - 100%) after 
56 months of loading, respectively 
We concluded that, the prognosis of implants inserted by osteotome technique as 
computed in this study seems to be similar to published data of implants that are 
inserted by conventional drilling technique 
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As a result of the in vitro study on the influence of the surgical technique on implant 
fixation in trabecular bone, an in vivo experiment was described in chapter 5. In this 
mechanical study, 48 conical implants with machined or etched surface topography 
were placed into the femoral condyle of goats. The implant sites were prepared either 
by a conventional, under-sized and osteotome technique. Evaluation of the interface 
strength and appearance, using torque test and scanning electron microscopy, was 
done a period of 12 weeks after implantation. Removal torque value of the etched 
implants placed with the undersized technique (98 ± 29Ncm) was statistically 
significantly higher compared to machined surface implants inserted by osteotome 
technique. SEM showed that all implants showed interfacial bone contact. In addition, 
the torque test in all experimental conditions resulted in fracturing at the bone-implant 
interface. Therefore, we conclude that the installation of etched implants using an 
undersized preparation of the implant bed results in superior bonding strength with 
the surrounding bone. 
Thereafter, in chapter 6, the histological results of the influence of implant surface 
topography and surgical technique on bone response were described. For this 
experiment, 48 conical designed implants were used with two different surface 
finishes, i.e.: machined and etched. The implants were inserted in the left and right 
medial femoral condyle of 8 goats using three different surgical approaches: press-fit 
(implant diameter = implant bed diameter), undersized (implant bed diameter < 
implant diameter) and osteotome. Each femoral condyle received 3 implants. After 
healing period of 12 weeks the implants were retrieved and prepared for histological 
and histomorphomethcal evaluation (bone contact and bone mass) 
Light microscopy revealed that in general the bone response to all implants was very 
similar. On the other hand, histomorphometry suggested that the bone-to-implant 
contact for the etched implants inserted by an undersized technique was higher 
compared with machined implants and the other surgical approaches. The observed 
differences however, were not significant. Bone mass measurements did not reveal 
the occurrence of clear differences between groups with different surgical 
approaches. Supported by our findings, we conclude that an undersized preparation 
technique in trabecular bone with an etched implant surface supported an enhanced 
bone-implant contact in this model. 
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In chapter 7, polymeric implants were used to evaluate the bone response by 
microcomputer tomography (μΟΤ) The implants had a machined threaded 
appearance and were provided with a 400-500 nm thick titanium coating The 
implants were inserted in the tibia of goats After healing period of 12 weeks the 
implants were retrieved and prepared for μΟΤ, light microscopy, and X-ray 
microanalysis 
The 3-D reconstructed representations showed clearly the implants surrounded by 
cortical bone No streaking artifacts were present The bone was found to have 
grown into the screw-threads and bone conduction into the marrow cavity was seen 
The histological evaluation demonstrated that the titanium-coated implants were well 
tolerated by the tissues In addition, the bone was seen in direct contact with the 
titanium-coated layer The X-ray microanalysis shows the presence of calcium and 
phosphorus which indicates the presence of bone The X-ray microanalysis results 
confirmed the light microscopic data At the end, the obtained results prove the use 
of titanium-coated PMMA implants for evaluation of the bone-implant response using 
pCT However, this study also confirms that for a proper analysis of the bone-implant 
interface the additional use of conventional microscopic techniques is still required 
General conclusions 
Although, oral implants are overall successful and already widely applied in clinical 
dental practice, still more basic knowledge is needed on the optimal implant material, 
design and surface characteristics in relation to the applied surgical technique as 
used for implant installation This becomes especially relevant, because there is a 
tendency to apply oral implants in more challenging situations, which are more prone 
to failure 
Many variations m the surgical technique for the placement of dental implants in 
combination with different implants system have been developed since the 
introduction of implant surgery into clinical practice Yet, their interrelation is not 
understood in detail 
The results of the investigations described in this thesis are discussed in this chapter 
Finally, based on these general conclusions, some recommendations for future 
research are made 
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In this thesis two distinct research methods were followed aiming to gain further 
insight in the effect of implant installation technique on the final oral implant fixation: 
one is the analysis of the available knowledge by means of two systematic reviews, 
the other is a series of in vitro and in vivo experimental studies. 
The systematic review of animal studies we performed to investigate the effect of 
implant surface roughness on bone response and implant fixation revealed 
substantial heterogeneity in methods and results used in the studies included 
(Chapter 2). This heterogeneity has been caused by a number of variables: 
1. Differences in study design. Differences between healing times in animal's 
models, variance of local bone quality and density, use of different implant 
systems, and variability of biomechanical tests prevent direct correlation of these 
parameters to the outcome of the clinical results. 
2. Variation in the in vivo animal model as well as implant location within the same 
animal model. Local bone conditions and implant location vary between various 
animal species, which can have effect on the results of implant bone response 
studies. 
3. Different methods and devices as used for roughness measurements. The 
different methods used in the various studies hamper a correct comparison of the 
obtained data. 
4. Different surgical approaches for implant installation This is especially relevant 
when the last drill as used before implantation is smaller than the implant 
diameter. 
5. Inadequate surgical technique description. Modifications in surgical technique 
strongly affect the bone behavior around the implant. 
6. Different biomechanical tests in combination with different implant designs. The 
shape of the implant system is always an additional issue in the selection of a 
biomechanical test. Additionally, the interpretation of biomechanical tests has 
been shown to be difficult for implant materials with different Young's moduli. 
Unfortunately, due to this heterogeneity it was not possible to synthesize the data by 
means of a meta-analysis (quantitative systematic review), nevertheless we were 
able to describe some relationships. To minimize heterogeneity, a series of even 
more detailed inclusion and exclusion criteria could have been set. However, too few 
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studies would have remained to analyze properly The only way to deal with this 
problem is to further standardize experimental studies It is considered that this 
review provided some useful suggestions for minimal criteria in reporting 
investigations on this topic 
A second systematic review was focusing on a specific implant insertion technique 
the osteotome technique (Chapter 4) It appeared to be impossible to get a clear 
answer regarding the value of the osteotome technique on the basis of the 
experimental data m the literature Fortunately, several clinical studies have been 
published describing the use of the osteotome technique for the installation of oral 
implants in the human maxilla Although the number of papers reviewed was limited 
and, again, the variation in study designs was substantial, it was possible to construct 
an overall survival rate of implants fixed with this technique None of the reviewed 
articles was designed as a randomized controlled clinical trial, so direct comparison 
with conventional drilling insertion techniques was not allowed Nevertheless, it was 
found that the prognosis of implants inserted by osteotome technique was in the 
same range as the prognosis published for implants that were inserted by 
conventional drilling techniques Although this systematic review could not reveal 
particular success or risk factors, we considered the osteotome technique a viable 
treatment option in selected cases 
In our in vitro and in vivo experimental studies, goats were used The implants were 
installed m femoral condyles Although the femoral trabecular bone is supposed to 
resemble human maxillary bone, we observed a wide variation m bone quality in this 
model In addition, we have to notice that previous studies of our research group 
(Caulier 1996) already showed that, m contrast to the femoral condyle, the maxilla of 
a goat lacks a distinct cortical layer As a consequence, extrapolation of our data to 
the human situation is complex 
In addition to the used bone model variable, we noticed that the osteotome surgical 
technique is difficult and requires guidance as well as extensive skill from the 
surgeon Improper orientation of the osteotome instrument can result in widening of 
the implant receptor site in the apical area causing decreased implant fixation 
Furthermore, when this technique is used together with an undersized preparation of 
the implant bed, there is still a lack of knowledge about the magnitude of stress as 
generated on the surrounding bone This is very relevant, because this can have a 
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negative effect on the final bone response. Nevertheless, it was possible to draw 
some conclusions: (1 ) without knowing to which extent, surgical technique has shown 
to have a decisive effect on implant fixation in vitro (Chapter 3), (2) early mechanical 
fixation of etched implants seems to be improved when combined with undersized 
preparation. This seems to be not the case with machined implants surfaces 
(Chapter 5), and (3) the undersized preparation technique tends to improve bone-to-
implant contact for both machined and etched implant surfaces in vivo. However, due 
to the power of the experiment statistical significance could not been demonstrated 
(Chapter 6). 
Future perspectives 
Currently there seems to be an overemphasis on implants hardware modification. 
Along with these modifications several changes in surgical equipment were 
introduced. During implantation the clinician is always aiming to find the best 
'solution' for the specific 'problems' he is dealing with in that particular situation. A 
better documentation of all variables and their interrelations with clinical situations is 
necessary to increase the understanding in the possible effects following the 
implementation of these new techniques. For that, it is recommended to 
systematically, carefully and periodically review all literature data from clinical studies 
investigating the effect of different surgical implantation procedures in combination 
with different implant system. It would be worthwhile to create a databank providing 
this information and making it available for all clinicians. 
Besides the more general recommendation above, emphasis should be directed to a 
better understanding of a few particular variables. One of these variables is the 
optimal ratio between drill receptor site, implant diameter and the subsequent 
biomechanical adaptation to stress. It is expected that further investigation of the 
required amount of bone-stress induced by this variable will optimize implant-bone 
fixation. 
Standardization of surface roughness measurement methods for implants will 
strongly enhance understanding of underlying mechanisms in relation with surgical 
parameters. Without a standard procedure, it is generally impossible to compare 
outcomes between studies (Wennerberg and Albrektsson 2000). 
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Using bone tissue from animals for in vitro mechanical studies is scientifically 
speaking an excellent choice However, extrapolation of the results is hampered by a 
discrepancy in bone density between animals and humans Therefore, the use of 
artificial bone offers the possibility to vary the bone quality parameters m a more 
reliable and standardized (/ e, sawbones) and can be used as system model for in 
vitro implant studies (Flahiff ef al 1995, Fujishiro ef al 2005, Beckmann ef al 2006, 
Madsen and Haug 2006, Pekmezci ef al 2006) 
With different implant designs (/ e, cylindrical, screw shape), different biomechamcal 
tests should be applied Micro-computer tomography could be use as a predictor and 
structural analysis of trabecular bone around the implant before and after 
implantation procedures (Majumdar ef al 1998, Wachter ef al 2001, Bauer ef al 
2006, Guerrero ef al 2006) This could possibly eliminate the use of biomechamcal 
tests, which is in fact a more or less incomplete and derived measurement method to 
assess biological adaptation 
Titanium is considered as a biomert material, while calcium phosphate ceramics are 
bioactive For example, it is known that calcium phosphate-coated implants favor the 
bone response and can have an additional effect in enhancing implant bone fixation 
(Maxian ef al 1994, Hulshoff and Jansen 1997, Wolke ef al 2003, Cimerman ef al 
2005) Consequently, this additional parameter has to be included m future studies to 
oral implant fixation 
Considering the above mentioned, the successful combination of both the clinician's 
experience as well as the biomatenal's science knowledge, subsequent incorporation 
into new therapeutically approaches is one of the big challenges for the future Only 
then it will be possible to further develop a more efficient oral implant treatment 
protocol 
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Summary in Dutch 
Samenvatting, algemene conclusies en toekomst verwachtingen 
Tot nu toe geeft de wetenschappelijke litteratuur ons nog met voldoende antwoord 
gegeven over het belang van de chirurgische techniek voor het uiteindelijke succes 
van tand implantaten Het doel van de studies die beschreven worden m dit 
proefschrift is om het effect te bepalen van de techniek die gebruikt wordt om tand 
implantaten te plaatsen m relatie tot de ruwheid van het implantaatoppervlak en de 
uiteindelijke fixatie van het implantaat in het kaakbot Daartoe werd een antwoord 
gezocht op de volgende vragen 
Leidt een ruwer implantaatoppervlak tot een beter contact tussen bot en implantaat ? 
Leidt een ruwer implantaatoppervlak tot een hogere torque weerstand? 
Is de chirurgische techniek éen van de belangrijkste factoren voor osseomtegratie en 
misschien zelfs belangrijker dan oppervlakte ruwheid en samenstelling van het 
implantaat? 
Kan een bepaalde chirurgische techniek de overlevmgsduur van implantaten 
verbeteren9 
Beïnvloedt de chirurgische techniek de botfixatie van het implantaaat en het bot 
gedrag? 
Samenvatting 
Om inzicht te krijgen in de kennis die reeds beschikbaar is over het effect van 
implantaatoppervlakte ruwheid, werd eerst een systematische review uitgevoerd van 
studies waarin het effect van implantaatoppervlakte ruwheid op het botgedrag 
beschreven werd Voor (Hoofdstuk 2) werden meer dan 5900 abstracts gelezen die 
te maken hadden met onderzoek naar tand implantaten Nadat mclusie en 
exclusiecritena waren toegepast bleven er nog 470 artikelen over, dat na een 2e en 
3e selectiestap teruggebracht werd tot respectievelijk 23 en 14 artikelen De grote 
variatie m de data maakte uiteindelijk een meta-analyse onmogelijk De meeste 
artikelen heten echter een significante relatie tussen bot-implantaat contact en 
oppervlakteruwheid zien Helaas waren de geselecteerde artikelen te heterogeen 
voor het vergelijken van de data Gebaseerd op de primaire studies werd echter 
geconcludeerd dat er op basis van de beschikbare gegevens voldoende bewijs is dat 
een positieve relatie aanwezig is tussen bot-implantaat contact en 
oppervlakteruwheid 
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Vervolgens werd m (Hoofdstuk 3) een in-vitromodel gebruikt om het effect van 
oppervlakteruwheid en chirurgische techniek op implantaat fixatie te onderzoeken 
Hiervoor werden schroefvormige tand implantaten met een glad of geeist oppervlak 
geïmplanteerd m het trabeculaire bot van een geexplanteerde femurkop van geiten 
Voor het plaatsen van de implantaten werden drie verschillende chirurgische 
technieken gebruikt (1) een conventionele techniek, (2) ondermaats boren van het 
gat in het bot in relatie tot de implantaat diameter en (3) een osteotoom techniek De 
mschroef- en uitdraaiweerstand, bot-implantaat contact en botmorfologie werden 
beoordeeld met behulp van mecahmsche apparatuur, scanning electronen 
microscopie (SEM) en micro-computertomografie (micro CT) De mschroef- en 
uitdraaiweerstand bleken significant hoger te zijn voor implantaten die vorozien 
waren van een geeist oppervlak en geplaatst werden met de "ondermaatse" 
preparatietechniek (respectievelijk 115 2 +/- 31 1, 102 9 +/- 36 4 Ν cm) Verder was 
ook de gemiddelde waarde van het bot-implantaatcontact sigificant hoger voor de 
geetste implantaten geplaatst met de "ondermaatse" techniek (87 5 +/- 5 6 Ν cm) 
vergeleken met gladde en geetste implantaten geplaatst met de conventionele 
techniek Er werd daarom geconcludeerd dat de chirurgische techniek een duidleijk 
effect heeft op fixatie van een tand implantaat m trabeculair bot 
De systematische review m (Hoofdstuk 4) werd gedaan om meer informatie te 
verkrijgen over de klinische overlevingsduur van tand implantaten, die geplaatst 
worden met behulp van een osteotoom techniek De literatuur tussen 1953 en 2005 
werd doorzocht door middel van Medlme Er werden 164 artikels gevonden De 
inclusiecriteria waren klinische studies of verslagen die de osteotoom techniek 
onderzochten voor tand implantaten evenals test of controle groepen, zelfs als deze 
met volledig aan de andere voorwaarden voldeden Na de 1 e selectiestap bleven 13 
artikels over en werden er 151 uitgesloten Het 2e mdusiecriterium was klinische 
studies of verslagen die de osteotoom techniek onderzochten voor tand implantaten 
en waarin de osteotoomtechmek gebruikt werd voor het voorbereiden van de 
implantaat plaatsing met of zonder sinushft Na de 2e selectiestap bleven er nog 5 
artikelen over die voldeden aan de inclusiecriteria Door deze data samen te voegen 
konden Kaplan-Meier overlevmgs curves worden berekend voor de periodes voor en 
na het belasten van de implantaten De gecombineerde gegevens van 349 
implantaten toonden overlevingskansen van respectievelijk 98% (Cl 97 2% - 100%) 
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tot aan de belasting en 99% (CI 94% - 100%) na 56 maanden belasting Aan het 
einde van de observatieperiode waren er nog 41 implantaten (18 patiënten) waarvan 
het met geheel duidelijk was of ZIJ succesvol waren 
We concludeerden dat de prognose van implantaten die geplaatst worden met 
behulp van een osteotoomtechmek gelijk is aan die van tand implantaten welke 
geplaatst worden met behulp van een conventionele techniek 
Gezien de belangrijke invloed van de chirurgische techniek op de fixatie van een 
tandimplantaat m trabeculair bot werd een m vivo studie uitgevoerd welke 
beschreven is m (Hoofdstuk 5) In deze mechanische studie werden 48 
geschroefde implantaten met een glad of geetst oppervlak geplaatst in de femorale 
condyle van geiten De implantaten werden geplaatst middels een zg conventionele, 
"ondermaatse" en osteotoom preparatietechniek De mechanische sterkte en 
morfologie van het bot-implantaat scheidmgsvlak werden 12 weken na implantatie 
geëvalueerd met een torque test en SEM De uitschroeftorque van de "ondermaats" 
geplaatste geeiste implantaten bleek significant hoger (98 ± 29Ncm) te zijn 
vergeleken met de gladde implantaten geplaatst met de osteotoom techniek SEM 
het zien dat rondom alle implantaten het bot in direkt contact was met het 
implantaatoppervlak Daarbij resulteerde de torque test in alle experimenten in breuk 
van het scheidmgsvlak implantaat-bot Op basis van de resultaten werd 
geconcludeerd dat het plaatsen van geelste implantaten met een "ondermaatse" 
preparatietechniek resulteert m een sterkere hechting met het omgevende bot 
Vervolgens werden m (hoofdstuk 6) de histologische resultaten van de invloed van 
implantaat oppervlakte topografie en chirurgische techniek op botreactie beschreven 
Voor dit experiment werden 48 schroefvormige implantaten met een glad of ruw 
oppervlak gebruikt De implantaten werden geplaatst m de rechter en Imker mediale 
femorale condyle van 8 geiten Hierbij werden drie verschillende chirurgische 
technieken gebruikt namelijk press-fit (diameter implantaat =diameter preparatie), 
"ondermaats (diameter implantaat is groter dan diameter preparatie) en osteotoom 
techniek In elke condyle werden 3 implantaten geplaatst Na een implantatieperiode 
van 12 weken werden de implantaten met het omringende bot verwijderd en verwerkt 
voor histologische en histomorfometrische evaluatie (botcontact en botmassa) 
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Licht microscopisch onderzoek toonde aan dat de botreactie rondom alle implantaten 
gelijk was De histomorfometrische metingen leken aan te tonen dat het botcontact 
met de geeiste "ondermaats" geplaatste implantaten groter was dan voor de gladde 
implantaten en andere chirurgische technieken, maar de gemeten verschillen bleken 
met significant te zijn Ook de botmassa metingen toonden geen duidelijke 
verschillen tussen de groepen Gebaseerd op deze bevindingen werd geconcludeerd 
dat in dit model een "ondermaatse" preparatie in trabeculair bot voor geeiste 
implantaatoppervlakken in een beter bot-implantaatcontact resulteert 
In hoofdstuk 7, werden plastic implantaten gebruikt om de botreactie te evalueren 
met micro CT De implantaten hadden een glad geschroefd oppervlak en waren 
bedekt met een 400-500 nm dikke titanium coating De implantaten werden 
geplaatst in de tibia van geiten Twaalf weken na implantatie werden deze 
implantaten met omringend bot verwijderd en en verwerkt voor micro CT, 
hchtmicroscopie en Ronten micro-analyse De gereconstrueerde 3D-toonden 
duidelijk aan dat de implantaten omgeven waren door corticaal bot Er waren geen 
noemenswaardige artefacten zichtbaar Het bot was in de schroefdraad mgegroeid 
en botgeleidmg over het implantaat oppervlak was zichtbaar tot m het beenmerg De 
histologische evaluatie het zien dat de titanium gecoate implantaten goed door de 
weefsels werden getolereerd Dit was zichtbaar door de aanwezigheid van een direct 
contact tussen botweefsel en titanium coating De rontgen micro-analyse toonde de 
aanwezigheid van calcium en fosfor wat het bot-achtige karakter van het omringende 
weefsel bevestigt De rontgenmicro-analyse resultaten kwamen goed overeen met 
de hchtmicroscopische beelden De resultaten bewijzen dat titanium gecoate plastic 
implantaten gebruikt kunnen worden voor de evaluatie van het bot-implantaat contact 
met behulp van micro CT Deze studie bevestigde echter ook dat voor een volledige 
analyse van het bot-implantaat scheidmgsvlak met alleen vertrouwd kan worden op 
micro CT, maar dat het gebruik van aanvullende conventionele microscopische 
technieken nodig is 
In hoofdstuk 8 worden de slotconclusies gemaakt en worden aanbevelingen voor 
toekomstig onderzoek gegeven 
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Algemene conclusies 
Hoewel tandheelkundige implantaten in het algemeen erg succesvol zijn, is toch nog 
meer onderzoek nodig naar de optimale implantaatvorm en het effect dat de 
oppervlakte eigenschappen hebben op het botgedrag m relatie tot de gebruikte 
chirurgische techniek Dit is met name belangrijk omdat er een tendens is om 
implantaten steeds meer te gaan toepassen m complexe situaties waar de kans 
groot is dat het implantaat mislukt 
Verschillende chirurgische technieken, samen met verschillende 
implantaatsystemen, zijn ontwikkeld sinds de introductie van tandimplantaten Hoe 
deze twee parameters zich echter tot elkaar verhouden is met duidelijk De resultaten 
van de diverse onderzoeken die in dit proefschrift beschreven zijn, worden m dit 
hoofdstuk verder besproken 
Tenslotte worden er, gebaseerd op de algemene conclusies, aanbevelingen gegeven 
voor verder onderzoek 
In dit proefschrift werden twee aparte onderzoeksstrategien gebruikt om meer inzicht 
te krijgen m het effect van de techniek die gebruikt wordt om een implantaat in het 
kaakbot te plaatsen en de uiteindelijke fixatie van dit implantaat Eén daarvan is de 
analyse van de beschikbare kennis door systematische reviews, de andere is een 
serie van m vitro en m vivo experimentele studies 
De systematische review van proefdieronderzoek werd gedaan om het effect van 
oppervlaktestructuur op zowel botrespons als implantaatfixatie te onderzoeken De 
resultaten van deze review heten echter een grote heterogeniteit van de beschikbare 
gegevens zien (hoofdstuk 2), welke veroorzaakt werd door verschillende factoren 
1 Verschil m studie onderwerp Verschillen m de mhelingspenode m gebruikte 
diermodellen, verschil m locale botkwahteit en densiteit, gebruik van verschillende 
implantaatsystemen en biomechanische testen, maakten een directe correlatie van 
deze parameters met de klinische resultaten onmogelijk 
2 Verschil m de gebruikte diermodellen en ook de verschillende implantaatlocaties 
wanneer wel hetzelfde diermodel gebruikt werd Locale botcondities en 
implantaatlocatie verschillen tussen verschillende dieren, wat uiteindelijk een effect 
kan hebben op de implantaat-botreactie 
3 Verschillende methodes en meetinstrumenten om de oppervlakteruwheid van een 
implantaat te meten Dit maakt een goede vergelijking van de gegenereerde data 
buitengewoon moeilijk 
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4 Het gebruik van verschillende chirurgische technieken voor het plaatsen van het 
implantaat Dit is vooral belangrijk wanneer de laatste boor zoals gebruikt wordt om 
het implantaat bed te prepareren kleiner is dan de diameter van het implantaat 
5 Het met neschibaar zijn van voldoende gegevens over de toegepaste chirurgische 
techniek Verschillen m chirurgische techniek kunnen een zeer groot effect hebben 
op het botgedrag rondom het implantaat 
6 Verschillende biomechanische testen m combinatie met verschillende 
implantaatvormen De vorm van een implantaatsysteem is altijd een bijkomend 
probleem m de keuze van een bepaalde biomechanische test Tevens is de 
interpretatie van de uitkomst van een biomechanische test zeer moeilijk voor 
implantaten (materialen) met een verschillende Young's modulus 
Helaas was het door deze heterogeniteit met mogelijk om de data door middel van 
meta-analyse te bewerken (kwantitatieve systematische review) Het was echter wel 
mogelijk om sommige relaties te beschrijven Om heterogeniteit te verkleinen hadden 
ook nog meer mclusie-of exclusiecnteria toegepast kunnen worden Er zouden dan 
echter te weinig studies voor een goede analyse zijn overgebleven De uiteindelijke 
slotconclusie was dat deze review bruikbare suggesties opleverde voor minimale 
criteria waaraan rapportages over dit onderwerp moeten voldoen 
Een tweede systematische review richtte zich op een specifieke implantatietechniek 
de zg osteotoom techniek (Hoofdstuk 4) Het bleek helaas onmogelijk om op basis 
van de beschikbare literatuur gegevens een duidelijk antwoord te krijgen over het nut 
van de osteotoom techniek Gelukkig zijn er echter wel diverse klinische studies 
gepubliceerd over het gebruik van de osteotoomtechniek voor het plaatsen van 
implantaten m de bovenkaak Hoewel het aantal studies beperkt was en er 
vesrchillen bestonden m het ontwerp van de diverse onderzoeken, kon toch een 
totale overlevingstijds berekend worden voor de implantaten die met deze techniek 
geplaatst werden Geen enkele van de onderzochte artikelen was echter gebaseerd 
op gerandomiseerd klinisch onderzoek, waardoor een directe vergelijking met de 
conventionele implantatietechmek met mogelijk was Desalniettemin werd gevonden 
dat de prognose voor implantaten, die geplaatst worden met de conventionele 
techniek, vergelijkbaar is met die van de osteotoom techniek Hoewel deze 
systematische review geen duidelijke succes- of risicofactoren liet zien, kan toch 
gesteld worden dat de osteotoomtechniek een goede behandelwijze is voor de 
hiervoor geëigende situaties 
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Voor de m vitro en m vivo experimenten werden geiten gebruikt De implantaten 
werden geplaatst m de femorale condyle Hoewel het trabeculair bot van de 
geitenfemur lijkt op dat van de mens, bleek toch een grote variatie in botkwahteit te 
bestaan Daarbij moet tevens opgemerkt worden dat eerder onderzoek (Cauher 
1996) al heeft laten zien dat het bot m de bovenkaak weten van geiten geen 
duidelijke corticale laag heeft Dit maakt de extrapolatie van de resultaten naar de 
menselijke situatie zeer moeilijk 
Naast een probleem met het botmodel, werd ook gevonden dat de osteotoom 
techniek moeilijk is en dat uitgebreide ervaring van de chirurg wenselijk is Een 
slechte oriëntatie van het osteotoom instrument kan leiden tot een verbreden van de 
receptorplaats m het apicale gedeelte wat weer leidt tot een verminderde 
implantaatfixatie Verder is het nog onduidelijk hoe groot de spanning is die op het 
bot wordt uitgeoefend dat het implantaat omgeeft, wanneer deze techniek gebruikt 
wordt m combinatie met een ondermaatse prepatietechmek Dit is echter zeer 
belangrijk omdat teveel spanning een negatief effect kan hebben op de botreactie 
Toch konden een paar conclusies getrokken worden (1) de chirurgische techniek 
heeft een duidelijk effect op implantfixatie in vitro (hoofdstuk 3), (2) de vroege 
mechanische fixatie van geetste implantaten lijkt verbeterd te worden door gebruik te 
maken van een ondermaatse preparatietechniek (hoofdstuk 5), en (3) de 
ondermaatse preparatietechniek lijkt het bot-implantaatcontact te verbeteren voor 
zowel geetste als gladde implantaatoppervlakken in vivo Echter door een te kleine 
groepsgrootte kon geen statistische significantie worden aangetoond (hoofdstuk 6) 
Toekomstperspectieven 
De laatste tijd wordt er steeds meer aandacht besteed aan de veranderingen aan het 
implantaat zelf Van de andere kant zijn verschillende veranderingen m de 
chirurgische techniek geïntroduceerd Tijdens de implantatie probeert de chirurg 
steeds de beste 'oplossing' te vinden voor de desbetreffende situatie Een betere 
beschrijving van alle variabelen en hun onderlinge relatie met klinische situaties is 
nodig om beter de mogelijke effecten te begrijpen die deze veranderingen 
veroorzaken Een aangewezen methode is het systematisch en zorgvuldig 
raadplegen van de literatuur Het zou dan ook goed zijn wanneer er een databank 
zou komen waarin alle informatie betreffende implantatietechniek en implantaat 
systeem beschikbaar zou komen 
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Naast deze algemene aanbevelingen, willen we toch ook een paar variabelen beter 
benadrukken Eén van deze variabelen is de optimale ratio tussen de boor die 
gebruikt wordt voor de preparatie van de implantaat receptor plaats en de diameter 
van het implantaat Verder onderzoek naar de hoeveelheid "spanning" die door deze 
discrepantie in diameter wordt opgewekt, kan het bot-implantaat gedrag verbeteren 
Standanzatie van de methode om oppervlakteruwheid te bepalen zal tot een beter 
begrip leiden van het effcet van deze parameter op het bot-implantaat gedrag 
Zonder een gestandanzeerde procedure blijft het onmogelijk om de resultaten van 
diverse sutdies met elkaar te vergelijken (Wennerberg and Albrektsson 2000) 
Het gebruik van dierlijk botmatenaal voor in vitro mechanische studies is 
wetenschappelijk gezien een uitstekende keuze Gezien het verschil m botdichtheid 
tussen mens en dier is extrapolatie van de resultaten echter toch met eenvoudig Het 
gebruik van kunstbot biedt echter de mogelijkheid om de botkwahteit parameters wel 
te standardizeren Kunstbot kan dan ook prima gebruikt worden als model systeem 
voor in vitro implantaatstudies (Flahiff ef al 1995, Fujishiro ef al 2005, Beckmann ef 
al 2006, Madsen and Haug 2006, Pekmezci ef al 2006) 
Voor verschillende implantaatvormen (cylmdrisch vs schroefvorm) dienen ook 
verschillende biomechanische testen te worden gebruikt Micro-computer tomografie 
kan toepgepast worden om een structurele analyse van het trabeculair bot uit te 
voeren voor en na de implantatie (Majumdar ef al 1998, Wachter ef al 2001, Bauer 
ef al 2006, Guerrero ef al 2006) Wellicht dat dit zelfs het gebruik van 
biomechanische testen overbodig kan maken, omdat deze in principe een mm of 
meer onvolledige meetmethode zijn om de biologische aanpassing van implantaten 
te onderzoeken 
Titanium wordt beschouwd als een bio-inert material terwijl implantaten die gecoat 
zijn met calciumfosfaat de botrespons positief beïnvloeden en een stimulerend effect 
hebben op de ingroei van het implantaat m het bot (Maxian ef al 1994, Hulshoff and 
Jansen 1997, Wolke ef al 2003, Cimerman ef al 2005) Daarom dient het effect van 
deze parameter meegenomen te worden m toekomstig onderzoek 
De succesvolle combinatie van de ervaring van de chirurg en de kennis van de 
literatuur wat betreft biomatenalen en de hieruit voortkomende therapien is een grote 
uitdaging voor de toekomst Alleen dan is het mogelijk om een efficiënter 
behandelprotocol te ontwikkelen 
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